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Foreword 

I have observed demonstrations of the BlackLight Power (BLP) process and have 
reached the inescapable conclusion that it is based on extraordinary chemical reactions 
that seem to release extraordinary amounts of energy. The explanation provided by 
Randell Mills, M. D., president and chief scientist of BLP is that, in the presence of 
certain catalysts, atomic hydrogen undergoes a quantum transition to a lower energy 
state, releasing energy. Mills has published details of his theory in the open scientific 
literature, but it is wholly unlike anything that neither I, nor any of my colleagues has 
previously encountered. It is not widely accepted by the scientific community at large. 



Although I am personally rather skeptical of Mills explanation, I did observe phenomena, 
such as plasmas apparently driven by chemical reactions rather than electric fields, that 
emitted ultraviolet light. I can offer no alternative explanation of my observations. 



The BLP scientists who performed these demonstrations were open and honest in their 
descriptions of the apparatus. For each demonstration of energy output, a control 
experiment, identical in all respects except that a chemically similar, but non-catalytic 
substance, was substituted for the catalyst. The control experiments never exhibited 
any unusual phenomena, including plasmas or other evidence of energy production. 

These demonstrations were not designed to generate power in a fashion that could be 
accurately measured. However, my observations were consistent with the hypothesis 
that the BLP process does generate energy and does so with an apparent fuel efficiency 
10-100 times that of simple combustion of hydrogen gas. 



Preface 

BlackLight Power (BLP) claims to have discovered a process in which ordinary atomic 
hydrogen (H) is converted to lower energy quantum states, called "hydrinos" (Hy mv 
nomenclature) by contact with a suitable catalyst, resulting in an extraordinary release of 
energy. Dr. Randell Mills, the founder of BLP, developed the theory underlying this 
process. It is novel and therefore somewhat controversial and not yet broadly accepted 
l he theory s existence is important because it guides the development effort Its 
acceptance by certain parts of the scientific community, however, does not affect 
whether or not the BLP process will provide an energy source with which Liebert can 
successfully develop a product. This product has the potential to be technologically 
superior to other relatively small-scale electrical energy generation devices, such as fuel 

My objective in this Interim Report is to assess the apparent validity of BLP's claims the 
current stage of development of this process and to address, insofar as is practical the 
engineering issues that would be important to commercialization of this process. ' 
It is my professional opinion that the BLP process represents a chemical conversion of 
atomic hydrogen unlike any previously reported the archival scientific literature 
Furthermore, this process appears to me to result in an energy release that is at least 10 
times greater than the combustion of an equivalent amount of hydrogen gas and there is 

orhydTogen at ^ Credib ' e ^ ^ feCt ° r °° Uld be C '° Ser t0 100 times the combusti °n 

T/«!n?r t TM C ?n f i hiS L ep0rt iS baS6d ° n a visil 10 BLP ' S Cranbury, NJ laboratory from 

nf m d f 1 and .p n ,? tu dy and analysis of BLP documents provided by Randell Mills 

of BLP prior to the visit. During the visit, I observed several demonstrations of the 

K^mo" h3d ngthy and candid discussi °ns with BLP personnel, ranging from 
Mill s, BLP s president, to the scientists and engineers working on the development to 
the techn.c.ans who set up some of the experiments. I believe that I had free and open 
access to all aspects of the technology covered by the confidentiality agreement 
between BLP and me (Keith D. Keefer), although I report only those covered by the 
confidentiality agreement between BLP and my client. 

This report is comprised of two sections and a series of Appendices. Section 1 is my 
assessment, analysis and opinions of BLP's technology at its current state of 
development in the context of proposed development and marketing plans. I regard this 
as my client s intellectual property, to be conveyed to BLP only at my client's discretion 
becbon 2 describes in more detail the observations I made at BLP and data provided to 
me by BLP. The Appendices contain technical details of the experiments I observed and 
figures of some of the apparatus and graphs from which the data were derived and were 
generously provided by BLP. These data and my observations are BLP's intellectual 
property and Section 2 will be provided to BLP before release to my client so that BLP 
may review them for technical accuracy and protection of proprietary information as 
provided for in my confidentiality agreement with BLP. This section will also cover the 
general nature of any BLP redactions, as provided for in my agreement with BLP 
Although the technical content is BLP's property, the actual report itself belongs to my 
client and BLP should not release it to third parties without express consent 




Section 1. 

Assessment, Analysis and Opinions Regarding the BlackLight Power 

Process 

introduction 

This report is based on both my visit to BlackLight Power's (BLP) Cranbury, NJ 
laboratory and my study of BLP manuscripts submitted for publication in the scientific 
literature and reports commissioned by BLP from other institutions. 

I found the personnel at BLP to be open, candid and enthusiastic about their results. I 
observed first hand many of the experiments that BLP has reported. The data that I 
observed were consistent with those I had read prior to my visit and appear to be 
completely factual. Although I was often accompanied by my host, William Good, V.P. 
of BLP, I was in no way escorted and was free to observe in the laboratory and to talk 
with any BLP researchers at any time, sometimes behind closed doors. All of my 
questions were answered, even when the answer was "We just don't know yet w . I was 
never given the reply "We are not able to discuss that". These areas are discussed 
under Redactions in Section 2 and do not, in my opinion, have any impact on the 
commercialization of the technology. I kept two separate notebooks, one the property of 
BLP, the other notes upon which this report is based. The latter were copied by BLP 
prior to my departure, but were not censored, although they were discussed with William 
Good. 

In deference to my audience, I will depart from the usual format of a scientific report and 
present my conclusions first, at the expense of a more coherent narrative. Although you 
may have simply asked me the time, ultimately you will need to build the watch, hence 
the detail provided. 

Energy Generated by the BLP Process 

It is my opinion, based upon my observations, discussions with BLP personnel and 
reports generated by BLP and others, that the BLP process is based on an extraordinary 
chemical reaction that generates an extraordinary amount of energy compared to the 
combustion of hydrogen gas by oxygen, i.e. a factor of 10 to over 100. 1 am unable to 
conceive of any other explanation for the results of BLP's experiments. There are two 
distinct classes of experiments, one comprised of strictly chemical reactions and the 
other based on observations of plasma reactors. 

I regard chemical evidence as the most concrete and important. Chemical reactions 
generate chemical products. Methods of characterizing chemical compounds are well 
established. If no extraordinary chemical products are produced, the claim of 
extraordinary energy production by BLP's process is almost fatally weakened. (The lack 
of evidence of products of a nuclear reaction, neutrons, was the most damning to cold 
fusion, not the calorimetric results.) There is, however, substantial, although not, in my 
opinion, incontrovertible, evidence for extremely unusual chemical products. 

The mere presence of hydrogen itself in these products, as demonstrated by mass 
spectroscopy (TOF-SIMS, in BLP jargon) provides good evidence of unusual 
compounds. The X-ray Photoelectron Spectroscopy (XPS) results show clear 
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differences in the energy of the chemical bonds in the products from those of the 
reactants. The Nuclear Magnetic Resonance (NMR) results also indicate that hydrogen 
present in the products is in a very unusual chemical environment. The First Law of 
Thermodynamics demands that the difference in free energy between the reactants and 
the products equals the amount of energy released in a reaction. The existence of 
reaction products allows, in principle, confirmation of adherence to the First Law by 
thermochemical measurements. As described in Section 2, I observed a Differential 
Scanning Calorimetric (DSC) experiment, the results of which, by any standard 
interpretation, showed an enthalpy of reaction in excess of 7 times that of the enthalpy of 
combustion of hydrogen. 1 As BLP's synthesis techniques become more refined and 
reproducible, calorimetric results should become even more compelling. 

Obviously, it is the energy generated in the plasma reactors that is of most immediate 
and practical importance. While the plasma reactions are certainly much more dramatic 
than those conducted in a DSC, they are also more difficult to quantify. Part of this is 
due to the rather fickle nature of plasmas themselves. The other part is that the catalysts 
currently used by BLP need to be heated to produce the vapor necessary for reaction 
with hydrogen and need an incandescent filament for the dissociation of H 2 gas to 
atomic hydrogen, necessitating the separation of the contribution from the two energy 
sources. Qualitatively, the presence of catalyst vapor in the presence of hydrogen 
(compared to a chemically similar, but non-catalytic control substance used as a 
reference) makes an enormous difference in the amount of light (in the infra-red (IR), 
visible and ultraviolet (UV)) produced in these reactions. I find it difficult to believe that 
these plasmas do not release copious amounts of energy compared with that which 
would have been produced by a more conventional reaction with the same amount of 
hydrogen. (There is no air in the reactor and almost any other postulated reaction would 
generate far less energy than the direct combustion of hydrogen). A calculation 
presented in Section 2, based on the thermal data reported in Appendix B, yields a heat 
of conversion index of H to Hy in the plasma reactor 445X (i.e. 445 times that that would 
result from the combustion of a comparable amount of H 2 ). This figure is not regarded 
as accurate, both in my opinion and that of BLP; an estimate of 70-1 00X is much more 
plausible. The discrepancy is probably due to the conversion of H2 already present in 
the reactor in the form of metal hydrides. 

The observations of the plasma reactors also provide qualitative estimates of the free 
energy of the reaction, which, as noted above, is the quantity of interest. A rough 
conversion of qualitative light output to energy can made. The free energy is the sum of 
the enthalpy (heat energy) produced by the reaction and the amount work that can be 
extracted in forms other than heat. The latter quantity is the product of the potential (e.g. 
voltage, temperature or pressure) at which the energy is provided and the amount of 
matter (e.g. electrons or gas molecules) that moves through the potential. The energy of 
a photon of visible light is about 1 eV and therefore corresponds to an electrical potential 
of about one volt. The temperature at which a blackbody starts to emit visible light is 
about 2000°C (c.f. a tungsten incandescent light bulb at ca. 2880K) One eV is roughly 
the energy of a single chemical bond. Thus, visible light can bleach organic dyes by 
breaking chemical bonds and few substances are solid at 2000°C. The plasmas in a 
BLP reactor radiate well into the ultraviolet, photons having energies roughly in the 



1 . Strictly speaking, calorimetry measures only the enthalpy [heat] of formation and not the free 
energy, the actual quantity of importance. They differ by the amount of work done by the 
reaction, but the latter is difficult to measure and is usually small compared to the enthalpy. 
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range of 10's to 100's of eV. This means that not only do the plasma reactors generate 
energy, but they do so under conditions corresponding to a large AT which, according to 
the Second Law of Thermodynamics, is very favorable to the efficient conversion of that 
energy to work, electrical or otherwise. 



Engineering Considerations 

Sustainability and Stability of the Plasma Reactions 

The factor that currently limits the duration of a plasma in BLP reactors is the 
condensation of the relatively non-volatile catalysts in cooler parts of the reactor, 
particularly the vacuum outlet tube. At this stage, this is primarily an issue of the design 
and thermal management of the reactor, engineering issues. Until these are resolved, 
subtler issues such as filament life and reactor vessel corrosion will remain unknown. 
The development of more volatile catalysts, currently underway by BLP, will mitigate this 
problem. 

The stability of the plasma and its energy output can presumably be controlled by 
feedback to the filament and electric fields in the reactor. "Presumably" is used because 
the role of electric fields to generate or sustain the plasma is not yet well understood. (It 
appears to be larger a chemical process). A small UPS in the system could function 
long time constant filter may also facilitate the necessary periodic maintenance of the 
system without disrupting power to the customer. 

Construction Materials 

The most expensive materials I saw employed in BLP reactors were stainless steel and 
fused silica (a.k.a. fused quartz, quartz glass) reaction vessels and nickel metal 
hydrogen gas dissociators. Again, the use of these materials is primarily one of product 
design and cost. The stainless steel is used because of the high temperature required 
to generate the vapor pressure of strontium (Sr) metal catalyst at which the BLP process 
occurs, but it is also the least volatile of the catalysts under consideration. BLP uses 
316 stainless, probably because of its superior corrosion resistance and high 
temperature performance. A commercial reactor could probably use a more generic 
steel, such as"18-8", of which the 300 series stainless is a more refined subset. Fused 
silica is obviously more fragile and is more subject to corrosion by the catalyst materials 
than is stainless steel. It is, however widely used commercially in halogen cycle lamps. 
The use of the more volatile and less corrosive catalysts currently being studied by BLP 
should, again mitigate this problem. The nickel dissociators seem not to degrade under 
present use conditions. No precious metals or radioactive materials were used in any of 
the reactors I observed. 

Scale Up 

The plasma reactors use gas phase reactions so their power output should scale with 
the reactor volume. Depending on the geometry of the reactor (e.g. the diameter to 
length ratio of a cylindrical design) a potential decrease in the surface to volume ratio of 
the scaled up reactor would reduce both the cost of construction materials and the 
difficulty of thermal management. Mills has provided estimates of power densities of 
1 W/cm 3 , which I regard as rather optimistic in the short term. 



"Open system" Issues 

My questions in this area were readily dismissed as, "We don't know enough, yet". At 
the current state of the BLP effort, which is still essentially pure research, this response 
is justified. Technological development is performed as necessary to support their 
research effort. However, "open system issues present, in my opinion, a significant 
engineering challenge to the development of any device lacking moving parts. 
Obviously, for any technology based upon heat engines, this may not be an issue. 

By "open system" I mean that BLP's devices, in their current state of development, are 
not hermetically sealed. This has the greatest impact on gyrotron-based devices. 
Hermeticity, in my experience at Sandia, requires that components are connected by 
"fused" joints, e.g. welds, glass or ceramic seals, solder joints or brazes, and is 
necessary to maintain even a low vacuum without active pumping. No gasket or swage 
connection will suffice. It is difficult for me to see how hermeticity can be maintained in a 
system into which gas must be introduced. However, high vacuum pumping systems 
are highly engineered and are extremely reliable, operating for months or years, with 
usually only annual oil changes. A hydrogen consumption of less than 100% would 
require that H 2 be recycled in the system or exhausted by the vacuum system. 
Examples of other related issues are cooling water, hydrogen generation by electrolysis, 
etc. These tend to be relatively high maintenance items that are less controllable by a 
supplier or lessor. 

At a BLP process conversion efficiency of 100x the heat of formation of water, the use of 
metal hydrides as the hydrogen supply becomes plausible and a sealed system, 
although one probably requiring active pumping within the sealed system, becomes 
conceivable, as discussed below. 

Comments on Mills' Theory 

While not of direct engineering importance, Mills' theory does have an impact on the 
credibility of the BLP process and hence on the credibility of Liebert's commercialization 
plans. This is by no means a defense of Mill's theory; that he will have to provide for 
himself. It is just an attempt to put it in the context of other attempts to incorporate 
Einstein's General Theory of Relativity and gravity into quantum mechanics and some of 
the general conundrums posed by quantum mechanics itself. 

Quantum mechanics has many unexplained and unsettling mysteries, e.g. the 
Heisenberg Uncertainty Principle, wave particle duality. Resolving some of these 
requires concepts that generate their own problems. For instance, consider 
superposition of states. According to this principle, a coin tossed in a dark room can 
exist in both states, heads and tails but its observed state is only resolved when the 
lights are turned on. Attempts to incorporate General Relativity lead to "vacuum states" 
in which electric fields are spontaneously created and then annihilated, which to me 
hearkens back to the theory of ether. These issues are the subject of popular scientific 
articles in respected periodicals such as "Scientific American" and "Science News". 
Attempts at "Grand Unified Theories" and theories of the cosmos result in more bizarre 
phenomena, such as eleven dimensional "superstrings", "dark matter" (which certainly 
would encompass Mills' hydrinos) and even antigravity. 

I believe that some of the derision accorded Mills by some of his colleagues arises from 
his style of presentation of his theory and not BLP's experimental results. While very 
reasonable and affable in person, his writing style is somewhat confrontational. Solid 
scientific evidence (assuming it is forthcoming) will eventually generate converts. 




Caveats About Thermochemical Calculations 

There are two. One concerns the normalization of energy to a unit of matter, the other 
the thermodynamic reference states upon which tabulated values of energy differences 
are based. At this stage of knowledge, these caveats are more important to 
understanding the consistency (or apparent lack thereof) of some of the calculated 
values, rather than the values themselves. 

First, the reaction for the enthalpy of oxidization of hydrogen for which values are 
tabulated is H 2 + !4 0 2 -> H 2 O t that is enthalpy per mole of hydrogen gas. BLP typically 
reports enthalpies of reaction per mole of hydrogen atoms, so they must be compared to 
Y2 of any quantity referred to moles of hydrogen gas. 

Second, only differences in energy between two thermodynamic states can be 
measured. The reference point for so-called Standard Enthalpies and Free Energies is 
generally reactants and products at a temperature of 25°C. However, values are often 
tabulated for two different states of the products. For example, the enthalpy of formation 
of H 2 +1/2 0 2 -> H 2 0 liquid is 285 kJ/mole, whereas that for the same reaction in which 
the product is H 2 0 gas, a different reference state, is 241 kJ/mole. The difference is due 
to the latent heat of vaporization of water and the difference in the heat capacities of 
liquid water, water vapor and H 2 and 0 2 gas. 

Mass and Energy Balance Calculations 

I am providing some crude mass and energy balance calculations that affect some of the 
engineering estimates. BLP tends to provide energy balance calculations that are more 
applicable to their device than to an entire engineered system. 

The base assumption for these calculations is an average power output of 1 kW for one 
year. This gives a total energy output of 3.14x10 7 kJ/year. The "unit" of energy I will use 
is the heat of formation of water vapor from hydrogen and oxygen, 241 kJ/mole of water 
vapor. At 100% combustion efficiency, this is the energy supplied by 130x10 3 moles of 
H 2 gas, which has a volume of 2.92x1 0 6 liters or 103x10 3 cu ft This amount of hydrogen 
is generated by the complete hydrolysis of 2.34x1 0 3 liters of water. 

At a baseline of BLP conversion efficiency of 10x the heat of formation of water vapor, 
this generating capacity requires 0.64 liter of water/ day. Such a system would be 
"open" as discussed above. 

A sealed system using titanium hydride (TiH 2 ) as a replenishable hydrogen reservoir 
becomes plausible at conversion efficiencies of 100x. The volume of Titanium (Ti) 
required to store a year's supply of H 2 gas would be around 20 liters. 
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Section 2. 

Technical Observations of the BLP process 

Redactions 

There are three technical areas that BLP considers sensitive and proprietary and not 
covered by the current confidentiality agreement with my (Keith D. Keefer) client. I will 
discuss them, with BLP's permission, only to the level of detail that I believe might have 
an impact on my client's engineering efforts. 

1 . Specific catalysts and catalyst systems not yet reported in the literature. 

These catalysts tend to be more volatile than those previously reported and their 
development will only make the engineering of a commercial product easier. 
Complete peak assignments in the spectra were omitted to preserve 
confidentiality. 

2. Specific operating parameters of BLP reactors. 

These obviously do affect engineering. I report an engineering envelope that I 
devised based on my own judgment and experience that encompasses the BLP 
process and was agreed to by BLP, but is not based directly on any BLP 
information, again to provide confidentiality. 

A. Operating temperatures. 

The maximum operating temperatures are within the range in which 
stainless steel could be used, roughly 600°-650° C. The minimum, which 
depends on item 1 above, could be as low as ambient. 

B. Operating pressures 

These range from low vacuum (i. e. less stringent) as defined by the 
vacuum sustainable, with modest active pumping, with standard Buna-N 
O-rings. The upper range is 100 psi, a pressure readily achieved by 
"hardware store" air compressors and contained by standard, non- 
armored, pressure hose. The suitability of elastomeric materials is 
subject to item A. 

C. Operating voltages 

Less than 600V, the (hardware store) rating of ordinary house wiring. 

3. The engineering details of the BLP gyrotron 

These primarily affect the scale up and efficiency of the gyrotron. I will report, 
because it has a bearing on engineering design, with BLP's permission, that the 
microwave cavity of the test device that I saw was roughly 4 inches in diameter 
and 4 inches long. The details of the dimensions and design are proprietary to 
BLP. 
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Observation of Plasma Monitored by Vacuum-Ultraviolet (VUV)-Visible 
Spectroscopy 

The reactor in these demonstrations was a closed end fused silica tube about 2 inches 
in diameter. Placed in this tube was a mixture of strontium (Sr) metal catalyst and a 
proprietary activatable catalyst or a magnesium (Mg) non-catalytic control with the 
activatable catalyst. Also in the tube was a tungsten filament wrapped around a ceramic 
tube. This filament both heated the metal catalysts to provide metal vapor and to 
provide a means of dissociating H 2 gas to atomic H. It also provided the weak (1-10 
V/cm) electrical field necessary to initiate a plasma with Sr vapor. A band heater was 
placed around the tube near the closed end to prevent condensation of metal vapor in 
this cooler zone. The entire tube, except for the opening, was contained in an insulated 
box. The open end of the tube was sealed with a Viton O-ring and a Pyrex cap with 5 
tubulations: two were electrical feedthroughs for the filament, one for the admission of H 2 
gas, one for a vacuum connection and the fifth was connected to the VUV-Visible 
spectrometer, which used a normal incidence monochromator. (A schematic of the 
apparatus, without the VUV observation port, is shown in Appendix B., Fig.1) 

I observed three demonstrations of this apparatus. In the first a mixture of Sr catalyst 
and a proprietary catalyst that had a vapor pressure higher than that of Sr, hence 
heating requirements were dictated solely by the Sr. Initially only a reddish glow from the 
tungsten filament was observed. After several hours, the apparatus had reached a 
temperature at which the Sr vapor pressure was high enough for the reaction to occur at 
a significant rate. Bright white light was observed through the Pyrex cap and the 
spectrum in the range from VUV to UV, 40-1 70nm, was recorded by the spectrometer 
(Appendix A, Fig. 1). The plasma was most intense inside the cap itself, where the 
electric field from the leads to the filament was highest. The leads themselves glowed at 
red heat. The second demonstration used Mg metal, a non-catalyst control, with the 
activatable catalyst. The operating conditions were identical and the same reactor 
vessel was used. Only the reddish glow from the filament was observed even after 
several hours of operation and there was no light emitted from the leads. The spectrum 
recorded is shown in Fig. 2. The salient feature in these spectra is magnitude of the 
hydrogen Lyman emission line at about 121nm. About 200,000 photons per second 
were recorded from the reactor containing Sr while only 1,800 were recorded from the 
reactor when it contained Mg. The latter value is larger than typically measured by BLP 
and may be due to some activation by the proprietary catalyst referred to above. In the 
third experiment, Sr and the activatable catalyst were used again, but the transparent 
Pyrex cap was surrounded by Al foil to raise its temperature and therefore the vapor 
pressure of Sr in the cap. Two thermocouples were placed on each side of the cap, to 
provide a rough estimate the of heat flux. The analysis of the thermocouple 
measurements is described below. Again, a brilliant white light was visible through an 
observation hole in the Al foil shroud. 

Heat Flux Measurements of the VUV Reactor 

The thermal power generated in the VUV style reactor described above was estimated 
from thermocouple measurements. The energy generated by the reactor is calculated 
from the heat flux and the flow rate of the H 2 fuel. 

Appendix B details the measurements and calibration of the heat flux. Fig. 1 shows the 
placement of the thermocouples (circled numbers). Only readings from thermocouple 9 
are used in the power calculation. Unlike some of the other catalysts used in the BLP 
process, strontium (Sr) requires a small (1-10V/cm) electric field to raise its electron 
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binding energy to that of atomic H, in accord with Mills* theory. This permits the plasma 
in an Sr catalyzed reaction to be turned on and off by adjusting the power supplied to the 
filament, which also provides the electric field. (More detail is provided below.) Figure 2 
shows the results of temperature readings of an experiment in which thermal spikes 
were generated by the adjustment of the filament power, in a reactor configuration the 
same as the third one described above. Figure 3. is the result of a similarly 
instrumented reactor with a 300W halogen light bulb as the heat source instead of the Sr 
catalyzed plasma. The power supplied to the two heaters, filament and band was the 
same in both cases. Figures 3.1 and 3.2 are expanded scales of the temperature spikes 
recorded from two different light bulb power settings. Figure 4 is the calibration curve 
derived from the light bulb, relating the observed temperature rise to the bulb power. 
Figure 5 is an expanded scale of the thermal spike used for the power estimation. The 
power observed from the reactor is 163W, a figure arrived at by normalizing the 
observation time to that used for the calibration curves. A similar figure, 139W, was 
obtained from the same calibration curve from the temperature readings from the 
experiment that I observed. Although a molar conversion energy of H to Hy may be 
calculated from these data, the figure (445x the combustion of H 2 ) is regarded as 
exaggerated, by both BLP and I. The most likely reason is that H 2 can be retained in the 
metal catalysts as hydrides, and so the reaction of H 2 already present in the vessel may 
have contributed to the observed energy output. 

Observation of Plasma Monitored by a Visible Light Spectrometer 

The configuration of this reactor was the same as that described above, except that 
potassium (K) metal was used as the catalyst. Because K is much more volatile than Sr, 
the closed end of the reactor vessel protruded from the insulated box. Unlike the 
previous experiments in which the Sr was placed in proximity to the tungsten filament, 
the K metal was placed at the closed end of the tube outside the insulated box and was 
heated with a separately powered heat tape. Again, after an equilibration period, a white 
light was observed in the apparatus. At my request, the heat tape surrounding the 
closed end of the tube was removed so that K metal vapor would condense there and 
not be present in the vicinity of the dissociating filament. In a few minutes, the bright 
white light disappeared, demonstrating that K metal vapor was essential to the reaction 
generating the plasma. A control experiment with a non-catalyst was run in the same 
reactor the next day and showed no unusual emission of light. 

Observation of Plasma Generated by Electric Discharge 

In this demonstration, the reactor was a stainless steel vessel heated externally in a 
furnace. Instead of a filament, a nickel (Ni) mesh was used as the hydrogen dissociator. 
(See Appendix C for more detailed reaction conditions and a diagram of the apparatus, 
Fig. 1). The Ni mesh also served as one electrode for the electrical discharge and the 
stainless steel vessel as the other. A port with a sapphire window allowed observation 
of the discharge and a fused silica rod was used as a light conduit to couple visible light 
to the spectrometer. Two experiments were performed, one with Sr metal catalyst, the 
other with sodium (Na) metal as a control. The reaction conditions used for the control 
were optimized for discharge from Na using data from A. von Engle, Ionized Gasses . 
American Institute of Physics, p. 196. Unlike the fused silica reactors, the applied 
electric filed was AC rather than DC, so the peak voltages were about 40% higher than 
those reported. However, electric power input was monitored with true RMS 
instrumentation. 
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The electric discharge phenomenon was only recently discovered and the nature of all of 
the plasma experiments is such that the principal physical observable is the ratio of the 
power input to the power output. Certain assumptions must be made to extract a 
measure of the actual energy generated by the reaction. The experimental data are 
reported in Figs. 2 and 3 of Appendix C. The key result is that with the Sr catalyst, the 
operating parameters could be tuned such that a plasma was sustained at a voltage of 
16.7V RMS (the electrode gap being about 1.75 cm) and an input current of 0.5mA, an 
input electrical power of 7.2mW. The spectrally integrated visible light output was 0.74 
microwatts per cm2 at the detector face. The maximum measured visible light output 
from the reactor containing Na control (reference material)was less than 0.1 microwatt at 
an applied voltage of 327V and an electrical power input of 162W. Thus the ratio of the 
power required by the Na containing reactor to produce less than one seventh the 
optical power of the Sr reactor is 22,500. The observable spectral response in this 
apparatus is limited by the transmission of the windows. The significant contributions in 
the IR and UV are not measurable and so even a qualitative estimate of the energy 
generated by the reaction in this apparatus is not possible. 

Differential Scanning Calorimetry of Hydrino Generating Reactions 

Because of the power input required to sustain a plasma in BLP reactors, direct 
calorimetric measurements are difficult and somewhat tricky. Calorimetric 
measurements of chemical reactions, while still tricky, probably provide the most 
accurate measurement of the enthalpy generated in the BLP process. I observed two 
such measurements, one on a catalytic system and one on a control. My interpretation 
of the data is in agreement with that of BLP: the reactions I observed generated an 
enthalpy of reaction at least a factor of seven larger than the enthalpy of combustion of 
H 2 gas with oxygen. 

The technique that BLP uses, Differential Scanning Calorimetry (DSC), is widely used in 
Materials Science, but differs from many of the methods more familiar to chemists and 
engineers. Since the results of these measurements are important and data are 
presented here, I believe that a brief explanation of the measurement and why it is used 
by BLP is in order. 

Many calorimetric measurements are conducted at near ambient temperatures, where 
heat transfer occurs primarily by conduction and convection. At higher temperatures, 
e.g. greater than 250°C, radiant heat transfer dominates and optical properties of the 
apparatus, such as emissivity and reflectivity must be accounted for. In DSC, a 
reference material, almost invariably aluminum oxide, is heated in a reference cell 
identical to that of the sample cell, in close proximity, in the same insulated furnace. 
Heat output is derived from the difference in temperature between the two cells, hence 
almost all of the influence of heat transfer cancels out. Although the actual physical 
observable is temperature, the instrument can be accurately calibrated from the well- 
known thermal properties of aluminum oxide and from heats of fusion of standard 
reference materials known well from other measurements. Unlike many other 
techniques, DSC is not isothermal: the temperature of the furnace is slowly ramped up 
and down so the temperature of the reaction is also measured and the heat consumed 
or generated is derived from the integral of the temperature difference, time and the 
calibration factors. There is a baseline that is a function of temperature that reflects the 
heat capacity of the cells. Deviations from this baseline are due to heat generated or 
consumed in the sample, but not in the chemically inert reference material. I should note 
that the instrument that BLP uses, a SETARM 1000 II, is not an ordinary DSC. Its 
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insulating blanket is at least 5 times thicker than others I have used and the maximum 
temperature ramp rate is 0.1 /min compared to 10 /min. The slow ramp rate minimizes 
distortions due to reaction rates and is dictated in part by the thickness of the thermal 
insulation, which slows the rate at which an approximately steady-state thermal gradient 
can be maintained. 

I observed two DSC measurements, one, the reaction of potassium hydride (KH) with 
potassium iodide (Kl) and the other a control of magnesium hydride (MgH 2 ). Potassium 
hydride is comprised of both a catalyst (K) and the fuel (H). The results are shown in 
Appendix D., Fig. 1. Downward peaks are endothermic. The ones observed between 
350° and 400°C are due to the decomposition of KH and the one at about 660° is due to 
the melting of Kl. The former are broader than the latter because a decomposition 
reaction is generally slower than melting and the temperature is a function of time. The 
huge, broad positive (exothermic) peak is ascribed to the formation of hydrino hydrogen 
and its reaction to form KHyl. The enthalpy derived from the integration of this very 
broad peak is equivalent to 7.0 times the molar heat of formation of H20 from H2 and 1 / 2 
02. The control, MgH 2 shows only two endotherms, one at 350°C from the 
decomposition of MgH 2 to Mg metal and H 2 and one at 650° from the melting of Mg metal 
(Fig. 2). Fig. 3 shows the reaction of KH alone the results of which I requested from 
BLP's archives. The observed enthalpies represent lower limits of the molar enthalpy of 
reaction, since the H to Hy conversion efficiency is not known with great accuracy and 
the reported number is based upon 100% conversion. The substantial observed 
enthalpy difference between the reaction of KH+KI and KH alone is not necessarily due 
the enthalpy of formation of KHyl as opposed to the reaction of H to form Hy, since the 
presence of Kl could substantially change the conversion efficiency of H to Hy. Although 
the exotherms are very broad, and by DSC standards unusually shaped, the two 
presented here and others I saw in the BLP archives are strikingly similar. For example, 
there is a change in slope from the baseline at 300°C, a double endotherm between 
350° and 400°C, the onset of the exotherm at 400°C (the sharp spikes are noise), the 
plateau at around 450°, the broad peak at 500° and the long tail out to about 650°. In 
my experience, these attest to a well-defined and reproducible chemical reaction. The 
differences in enthalpy arise from the magnitude and breadth of the exotherm, which are 
the result of the rate and duration of the reaction, variations to be expected in gas phase 
reactions under non-isothermal conditions. 

Synthesis Reactions 

The difference in the enthalpy of formation of the reactants and the products is the most 
accurate and incontrovertible evidence of the efficacy of energy production. The 
products of these reactions may, themselves, be commercially valuable. 

I observed four synthesis reactions of H 2 and KCI to form KHyCI, catalyzed by K metal. 
These reactions were conducted in stainless steel vessels under conditions similar to 
those used in the electrical discharge experiments described above, except the vessels 
lacked electrical feed-throughs and an observation port. The experimental conditions 
are reported in the Appendix. Hydrogen uptake in excess of that of the Ni dissociator 
was monitored by the periodic addition of H 2 gas to maintain a constant internal 
pressure. 

The most significant analytical results from these products are the Nuclear Magnetic 
Resonance spectra shown in Figs 1-5. Briefly and crudely, NMR signals arise from 
nuclei with an odd atomic weight such as a proton ( 1 H). When a magnetic field is 
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applied to such nuclei, their magnetic moment tends to align with the field, and the 
nuclei's angular momentum causes it to precess. In a radio-frequency (RF) field tuned 
to this precession frequency, the resonance causes the magnetic moment of the nucleus 
to "flip" and absorb RF energy. The magnetic field experienced by the nucleus is the 
sum of the contributions from both the applied and RF fields. Electrons in the chemical 
bonds to the atom containing the nucleus "shield" it from the applied RF field and result 
in the resonance appearing to occur at a magnetic field different from that applied. This 
difference is called a "chemical shift" and is usually reported in parts per million of the 
applied field, referred to a standard (which for protons, is typically tetramethylsilane 
(TMS)). This shift varies with the electron density in the chemical bonds of the atom 
containing the nucleus, which controls the degree of screening. The large "upfield" shift 
of the resonance at -4.4 to -4.5 in these spectra (Appendix E, Figs 1-4) is interpreted as 
arising from hydrino hydride and means that a higher external magnetic field would need 
to be applied for the nucleus to precess at the same RF. This higher field is required 
because the electrons shield the nucleus from it, the higher the shift, the greater the 
electron density around the nucleus. Fractional quantum states for the electron in the 
hydrino atom would increase the shielding and could account for the extremely large 
observed shifts. Also, the NMR peak intensity is directly proportional to the number of 
resonating nuclei and so is a measure of their concentration. These NMR spectra 
provide compelling, although not conclusive, evidence that hydrino hydride is present in 
the reaction products. 

(Other experiments were in preparation during my first visit and will be described in the 
final report. These include, but are not limited to, the following:) 

Gyrotron 

I observed the gyrotron under development by BLP. It is comprised of a vacuum system 
incorporating a diffusion pump, a tunable microwave cavity and an electron source. The 
system had recently undergone some modifications and was not operating at the time of 
my visit. A tungsten filament was in place as the electron source for tuning and 
calibration purposes and will be replaced by a BLP reactor when these activities are 
completed. 

Calorimeters 

A heat flux calorimeter for more accurate measurements of the fused silica plasma 
reactor was near completion at the time of my visit. Calvet calorimeters for 
measurements of the stainless steel discharge reactors were in the process of being set 
up. 
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Abstract 

The Schrodinger equation was originally postulated in 1926 as having a solution of the one electron atom. It gives the 
principal energy levels of the hydrogen atom as eigenvalues of eigenfunction solutions of the Laguerre differential equation. 
But, as the principal quantum number n t> 1 , the eigenfunctions become nonsensical. Despite its wide acceptance, on deeper 
inspection, the Schrodinger solution is plagued with many failings as well as difficulties in terms of a physical interpretation that 
have caused it to remain controversial since its inception. Only the one electron atom may be solved without approximations, 
but it fails to predict electron spin and leads to models with nonsensical consequences such as negative energy states of the 
vacuum, infinities, and negative kinetic energy. In addition to many predictions which simply do not agree with observations, 
the Schrodinger equation . predicts noncausality, nonlocality, spooky actions at a distance or quantum telepathy, perpetual 
motion, and many internal inconsistencies where contradicting statements have to be taken true simultaneously. Recently, the 
behavior of free electrons in superfluid helium has again forced the issue of the meaning of the wave function. Electrons form 
bubbles in superfluid helium which reveal that the electron is real and that a physical interpretation of the wave function is 
necessary. Furthermore, when irradiated with light of energy of about a 0.5 to several electron volts (HJ. Marris, J. Low 
Temp. Phys. 120 (2000) 173), the electrons carry current at different rates as if they exist with different sizes. It has been 
proposed that the behavior of free electrons in superfluid helium can be explained in terms of the electron breaking into 
pieces at superfluid helium temperatures (H.J. Marris, J. Low Temp. Phys. 120 (2000) 173). Yet, the electron has proven to 
be indivisible even under particle accelerator collisions at 90GeV (LEPII). The nature of the wave function must now be 
addressed. It is time for the physical rather than the mathematical nature of the wave function to be determined. A theory 
of classical quantum mechanics (CQM) was derived from first principles by Mills (The grand unified theory of classical 
quantum mechanics. January 2000 ed; Cranbury, NJ, 2000, Blacklight Power, Inc., (Distributed by Amazon.com; Posted at 
www.blacklightpower.com)) that successfully applies physical laws on all scales. Using the classical wave equation with the 
constraint of nonradiation based on Maxwell's equations, CQM gives closed form physical solutions for the electron in atoms, 
the free electron, and the free electron in superfluid helium. The prediction of fractional principal quantum energy states of 
the electron in liquid helium match the photoconductivity and mobility observations without requiring that the electron is 
divisible. © 2001 International Association for Hydrogen Energy. Published by Elsevier Science Ltd. All rights reserved. 



1. Divisible Electron? — is quantum mechanics 
fundamentally flawed? 

In the 103 years since its discovery, there has been no 
evidence whatsoever that the electron is divisible. But, in 



♦Tel.: +1-609-490-1090; fax: +1-609-490-1066. 

E-mail address: rmills@black) ightpower.com (R.L. Mills). 



order to explain, the rise in current of free electrons in su- 
perfluid helium when irradiated with low energy light and 
the observation of an unexpected plethora of exotic negative 
charge carriers in superfluid helium with mobilities greater 
than that of the normal electron, Maris [1] has proposed that - 
the electron breaks into fractional pieces. One piece acquires 
all of the charge and the other is neutral. Maris shows that 
the Schrodinger equation solution of the wave function of 
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the lp state, an excited state, will break into two follow- 
ing the Is to Ip transition of an electron in superfluid he- 
lium. This result is a consequence of the localization of the 
maximum electron density in the extremes of the dumb-bell 
shaped 1 p orbital with the existence of a node at the cen- 
ter of the orbital. The large differences in time scales of the 
motion of the electron and the motion of the bubble wall 
means that the Franck-Condon principle should apply and 
that the wave function of the electron will deform adiabati- 
cally (Born-Oppenheimer principle) at this node to result in 
electron fission. Following the break, one half of the elec- 
tron's wave function is trapped in each of the two daughter 
bubbles. As the wave function is the essence of an electron, 
the electron splits into two. 

Electrons may be trapped in superfluid helium as au- 
tonomous electron bubbles interloped between helium atoms 
that have been excluded from the space occupied by the 
bubble. The surrounding helium atoms maintain the spheri- 
cal bubble through van der Waals forces. Superfluid helium 
is an ideal medium to study individual trapped electrons in 
much the same way that individual ions may be studied in 
Penning traps. Both represent an ideal system to test 
quantum mechanics. Maris and other experimental physi- 
cists believe that the data on electrons in liquid helium 
reveals a fundamental flaw in quantum theory which has 
caused a furor [3-5]. Electron bubbles in superfluid helium 
reveal that the electron is real and that a physical interpre- 
tation of the wave function is necessary. Physicists have 
always been content to think of the wave function, the 
immeasurable entity which describes quantum systems, as 
a mathematical device with observable consequences. The 
time has come for the idea to be grounded in reality. For the 
electron bubbles in helium, Maris's position is that the size 
of the bubble is determined by how much of the wave func- 
tion is trapped inside the bubble. If there is no part of the 
wave function inside the bubble, the bubble will collapse. 
This makes the wave function seem to be a tangible object. 
Theoreticians are going to have to address the question: what 
is a wave function? Is it a real thing, or just a mathematical 
convenience? [5]. 

From the time of its inception, quantum mechanics 
(QM) has been controversial because its foundations are 
in conflict with physical laws and are internally inconsis- 
tent. Interpretations of quantum mechanics such as hidden 
variables, multiple worlds, consistency rules, and spon- 
taneous collapse have been put forward in an attempt to 
base the theory in reality. Unfortunately, many theoreti- 
cians ignore the requirement that the wave function must 
be real and physical in order for it to be considered a valid 
description of reality. For example, regarding this issue 
Fuchs and Peres believe [6] "Contrary to those desires, 
quantum theory does not describe physical reality. What 
it does is provide an algorithm for computing probabil- 
ities for macroscopic events ("detector ticks") that are 
the consequences of our experimental interventions. This 
strict definition of the scope of quantum theory is the only 



interpretation ever needed, whether by experimenters or 
theorists". 

With Penning traps, it is possible to measure transitions 
including those with hyperfine levels of electrons of single 
ions. This case can be experimentally distinguished from 
statistics over equivalent transitions in many ions. Whether 
many or one, the transition energies are always identical 
within the resonant line width. So, probabilities have no 
place in describing atomic energy levels. Moreover, quan- 
tum theory is incompatible with probability theory as shown 
in the Appendix. 

The Copenhagen interpretation provides another meaning 
of quantum mechanics. It asserts that what we observe is all 
we can know; any speculation about what an electron, pho- 
ton, atom, or other atomic-sized entity really is or what it 
is doing when we are not looking is just that — speculation. 
The postulate of quantum measurement asserts that the pro- 
cess of measuring an observable forces it into a state of 
reality. In other words, reality is irrelevant until a measure- 
ment is made. In the case of electrons in helium, the fal- 
lacy with this position is that the "ticks" (migration times 
of electron bubbles) reveal that the electron is real before 
a measurement is made. Furthermore, experiments on Ba + 
in a Penning trap discussed in the Appendix demonstrate 
that the postulate of quantum measurement of quantum me- 
chanics is experimentally disproved. These issues and other 
such flawed philosophies and interpretations of experiments 
that arise from quantum mechanics are discussed in the 
Appendix. 

QM gives correlations with experimental data. It does not 
explain the mechanism for the observed data. But, it should 
not be surprising that it gives good correlations given that 
the constraints of internal consistency and conformance to 
physical laws are removed for a wave equation with an infi- 
nite number of solutions wherein the solutions may be for- 
mulated as an infinite series of eigenfunctions with variable 
parameters. There are no physical constraints on the param- 
eters. They may even correspond to unobservables such as 
virtual particles, hyperdimensions, effective nuclear charge, 
polarization of the vacuum, worm holes, spooky action at a 
distance, infinities, parallel universes, faster than light travel, 
etc. If you invoke the constraints of internal consistency 
and conformance to physical laws, quantum mechanics has 
never successfully solved a physical problem. 

Throughout the history of quantum theory; wherever there 
was an advance to a new application, it was necessary to 
repeat a trial-and-error experimentation to find which 
method of calculation gave the right answers. Often the 
textbooks present only the successful procedure as if it fol- 
lowed from first principles; and do not mention the actual 
method by which it was found.. In electromagnetic theory 
based on Maxwell's equations, one deduces the computa- 
tional algorithm from the general principles. In quantum 
theory, the logic is just the opposite. One chooses the 
principle to fit the empirically successful algorithm. For 
example, we know that it required a great deal of art and 
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tact over decades of effort to get correct predictions out 
of Quantum Electrodynamics (QED). For the right exper- 
imental numbers to emerge, one must do the calculation 
(i.e. subtract off the infinities) in one particular way and not 
in some other way that appears in principle equally valid. 
There is a corollary, noted by Kallen: from an inconsistent 
theory, any result may be derived. 

Reanalysis of old experiments and many new experi- 
ments including electrons in superfluid helium challenge 
the Schrodinger equation predictions. These issues are dis- 
cussed in context of a theory of classical quantum mechan- 
ics (CQM) derived from first principles by Mills [2]. Using 
the classical wave equation with the constraint of nonradia- 
tion based on Maxwell* s equations, CQM gives closed form 
physical solutions for the electron in atoms, the free electron, 
and the free electron in superfluid helium which match the 
observations without requiring that the electron is divisible. 

l.L The Schrodinger theory of the hydrogen atom 

In 191 1, Rutherford proposed a planetary model for the 
atom where the electrons revolved about the nucleus (which 
contained the protons) in various orbits to explain the spec- 
tral lines of atomic hydrogen. There was, however, a fun- 
damental conflict with this model and the prevailing classi- 
cal physics. According to classical electromagnetic theory, 
an accelerated particle radiates energy (as electromagnetic 
waves). Thus, an electron in a Rutherford orbit, circulating 
at constant speed but with a continually changing direction 
of its velocity vector is being accelerated; thus, the electron 
should constantly lose energy by radiating and spiral into 
the nucleus. 

An explanation was provided by Bohr in 1913, when he 
assumed that the energy levels were quantized and the elec- 
tron was constrained to move in only one of a number of 
allowed states. Niels Bohr's theory for atomic hydrogen was 
based on an unprecedented postulate of stable circular orbits 
that do not radiate. Although no explanation was offered for 
the existence of stability for these orbits, the results gave 
energy levels in agreement with Rydberg's equation. Bohr's 
solution is trivial in that he specified a circular bound or- 
bit which determined that the eccentricity was zero, and he 
specified the angular momentum as a integer multiple of 
Planck's constant bar. The solution given by Mills [7] in 
CGS units is 

1 me 4 e 2 M * 

In 1923, de Broglie suggested that the motion of an elec- 
tron has a wave aspect — X = h/p. This was confirmed by 
Davisson and Germer in 1927 by observing diffraction ef- 
fects when electrons were reflected from metals. Schrodinger 
reasoned that if electrons have wave properties, there must 
be a wave equation that governs their motion. And, in 1926, 
he proposed the time-independent Schrodinger equation 

H¥ — EV (2) 



where ^ is the wave function, H is the wave operator, 
and E is the energy of the wave. To give the sought three 
quantum numbers, the Schrodinger equation solutions are 
three-dimensional in space and four-dimensional in space- 
time 
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where <F(r, 9, 0, /) according to quantum theory is the prob- 
ability density function of the electron as described below 
and the Appendix under Wave Function Solutions of Quan- 
tum Mechanics as Probability Waves are Inconsistent with 
Probability Theory. When the time harmonic function is 
eliminated [8], 
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where the potential energy V(r) in CGS units is 

V(r) = -j. (5) 

The Schrodinger equation (Eq. (4)) can be transformed into 
a sum comprising a part that depends only on the radius and a 
part that is a function of angle only obtained by separation of 
variables and linear superposition in spherical coordinates. 
The general form of the solutions for ^(r, 9, <f>) are 

^(r,M) = X>/m(r)/W6U) (6) 

Urn 

where / and m are separation constants. The azimuthal {9) 
part of Eq. (4) is the generalized Legendre equation' which 
is derived from the Laplace equation by Jackson (Eq. (3.9) 
of Jackson [9]). The solutions for the full angular part of 
Eq. (4), Y !m {9, <t>), are the spherical harmonics 



(7) 



By substitution of the eigenvalues corresponding to the an- 
gular part [8, pp. 221-224] the Schrodinger equation be- 
comes the radial equation, R(r), given by 
h 2 d / 2 dR\ . \h 2 l{I+l) 
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=ER(r). 



(8) 



The time-independent Schrodinger equation is similar to Eq. 
(20) of Mills [7], except that the solution is for the distri- 
bution of a spatial wave function in three dimensions rather 
than the dynamical motion of a point particle of mass m 
along a one-dimensional trajectory. Electron motion is im- 
plicit in the Schrodinger equation. For wave propagation in 
three dimensions, the full time-dependent Schrodinger equa- 
tion is required; whereas, the classical case contains time 
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derivatives. The kinetic energy of rotation is given clas- 
sically by 



v 12 2 

Arc, = -mr co 



(9) 



where m is the mass of the electron. In the time-independent 
Schrodinger equation, the kinetic energy of rotation is 
given by 

\)h 2 



^rot — 



where 

is the value of the electron angular momentum L for the 
state YUB^y 

In the case of the ground state of hydrogen, the 
Schrodinger equation solution is trivia! for an implicit cir- 
cular bound orbit which determines that the eccentricity is 
zero, and with the specification that the electron angular 
momentum is Planck's constant bar. With k = e 2 , Eq. (25) 
of Mills [7] in CGS units becomes 
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which corresponds to n = 1 in Eq. (I). Many problems in 
classical physics give three quantum numbers when three 
spatial dimensions are considered. In order to obtain three 
quantum numbers, the Schrodinger equation requires that 
the solution is for the distribution of a spatial wave func- 
tion in three dimensions with implicit motion rather than a 
one-dimensional trajectory of a point particle as shown be- 
low. However, this approach gives rise to predictions about 
the angular momentum and angular energy which are not 
consistent with experimental observations as well as a host 
of other problems which are summarized below. 
The radial equation may be written as [10] 
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Let U(r) = rR(r), then the radial equation reduces to 
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where 



*=-«b(r)r ta (M). (15) 

Substitution of the potential energy given by Eq. (5) into 
Eq. ( 14) gives for sufficiently large r 

tC-(f) 2 t/ = 0 (16) 

provided we define 
/a\ 2 _ -2mE 
\2) " h 2 



where a is the eigenvalue of the eigenfunction solution 
of the Schrodinger equation given infra having units of 



reciprocal length and E is the energy levels of the hydrogen 
atom. To arrive at the solution which represents the electron, 
a suitable boundary condition must be imposed. Schrodinger 
postulated a boundary condition: 9 — > 0 as r — > oo, which 
leads to a purely mathematical model of the electron. This 
equation is not based on first principles, has no validity as 
such, and should not be represented as so. The right-hand 
side of Eq. (17) must be postulated in order that the Ryd- 
berg equation is obtained as shown below. The postulate is 
implicit since Eq. (17) arises from the Schrodinger which 
is postulated. It could be defined arbitrarily, but is justi- 
fied because it gives the Rydberg formula. That Schrodinger 
guessed the accepted approach is not surprising since many 
approaches were contemplated at this time [11], and since 
none of these approaches were superior, Schrodinger's ap- 
proach prevailed. 

The solution of Eq. (16) that is consistent with the bound- 
ary condition is 



:c,e ( ^ + c 2 e- ( ^ 
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In the case that a is real, the energy of the particle is negative. 
In this case Uoo will not have an integrable square if cj fails 
to vanish wherein the radial integral has the form 



J~R*r 2 dr = j U^dr. 



(19) 



It is shown below that the solution of the Schrodinger corre- 
sponds to the case wherein C\ fails to vanish. Thus, the so- 
lutions with sufficiently large r are infinite. The same prob- 
lem arises in the case of a free electron that is ionized from 
hydrogen. If a is imaginary, which means that E is positive, 
Eq. ( 16) is the equation of a linear harmonic oscillator [12]. 
C/oo shows sinusoidal behavior; thus, the wave function for 
the free electron cannot be normalized and is infinite. In ad-^ 
dition, the angular momentum of the free electron is infinite 
since it is given by £{£ + 1 )h 2 (Eq. (II)) where £ oo. 
In order to solve the bound electron states, let 



E = -W 



(20) 



so that W is positive. In Eq. (13), let r = x/a where a is 
given by Eq. (17). 



(21) 



Eq. (21 ) is the differential equation for associated Laguerre 
functions given in general form by 

h2 ~ l ]y = Q (22) 



*y" + 2/ + 



k - 1 



4x 



which has a solution possessing an integrable square of the 
form 



(17) y = e-"V'-" /J 4.(x). 



(23) 



provided that n' and * are positive integers. However, n* 
does not 'have to be an integer, it may be any arbitrary 
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constant /J. Then the corresponding solution is [13] 

y = e-*jP-w£-L p (x). (24) 
ax* 

In the case that n* is chosen to be an integer in order to 
obtain the Rydberg formula, n* - k ^ 0 since otherwise 
L k n *(x) of Eq. (23) would vanish. By comparing Eqs. (21) 
and (22), 

*^=^T+1). (25) 
4 

Thus, 

* = 2/+l (26) 
and 
♦ *- 1 



* me 2 /ay' 



(27) 



Substitution of the value of a and solving for W gives 



me 



Because of the conditions on n* and the quantity /i* - ^ 
cannot be zero. It is usually denoted by n and called the prin- 
cipal quantum number. The energy states of the hydrogen 
atom are 

and the corresponding eigenfunctions from Eq. (23) are 
R« = c m st-"jfl%t\x) (30) 



where the variable x is defined by 
y/SmlV 2me 2 



(31) 
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In the Bohr theory of the hydrogen atom, the first orbital has 
a radius in CGS units given by 
ft 2 



a 0 = -Vr =0.53 x 10~° cm 
me 2 



(32) 



(33) 



Thus, a = 2/ziao and 
= 2r_ 
n ao 

The energy states of the hydrogen atom in CGS units 
in terms of the Bohr radius are given by Eq. (1). From 
Eq. (30), R n j for the hydrogen atom ground state is 

Rio = ci f0 e-*»l! = 2a 0 - 3/ V r/ r (34) 

For this state 

Koo- constant = (47i)" ,/2 (35) 

when the function is normalized. Thus, the "ground state 
function" defined by the arbitrary selection of /?* at 
Eq. (22) is 

^o = (^)- ,/2 e- r/fl °. (36) 

In fad, the Schrodinger can only yield integer eigenvalue 
solutions by selection from an infinite number of possibilities 
since the solution is over all space with no boundary (i.e. 
0 to 00). In contrast, wave equation solutions with integers 
are common for boundary constrained systems such as wave 
guides and resonators! 



1.2. The postulated Schrodinger equation fails to solve 
the hydrogen atom correctly 

The paper by Mills [7] rigorously analyzes the 
Schrodinger equation. One of many possible solutions of 
the postulated Schrodinger equation gives the Rydberg lev- 
els as does the theory of Bohr. On this basis alone, it is 
justified despite its inconsistency with physicals laws and 
numerous experimental observations such as 

• The appropriate eigenvalue must be postulated and the 
variables of the Laguerre differential equation must be 
defined as integers in order to obtain the Rydberg formula. 

• The Schrodinger equation is not Lorentzian invariant 

• The Schrodinger equation violates first principles includ- 
ing special relativity and Maxwell's equations. 

• The Schrodinger equation gives no basis why excited 
states are radiative and the 13.6 eV state is stable. Math- 
ematics does not determine physics. It only models 
physics. 

• In the time-independent Schrodinger equation, the kinetic 
energy of rotation is given by Eq. (10) where the 
value of the electron angular momentum L for the state 
Yi m (0,<p) is given by Eq. (11). The Schrodinger equa- 
tion solutions, Eqs. (10) and (1 1 ), predict that the ground 
state electron has zero angular energy and zero angular 
momentum, respectively. 

• The Schrodinger equation solution, Eq. ( 1 1 ), predicts that 
the ionized electron may have infinite angular momentum. 

• The Schrodinger equation solutions,. Eqs. (10) and (11), 
predict that the excited state rotational energy levels are 
nondegenerate as a function of the / quantum number, 
even in the absence of an applied magnetic field, and 
the predicted energy is over six orders of magnitude of 
the observed nondegenerate energy in the presence of a 
magnetic field. In the absence of a magnetic field, no 
preferred direction exists. In this case, the t quantum 
number is a function of the orientation of the atom with 
respect to an arbitrary coordinate system. Therefore, the 
nondegeneracy is nonsensical and violates conservation 
of angular momentum of the photon. 

• The Schrodinger equation predicts that each of the func- 
tions that corresponds to a highly excited state electron 
is not integrable and can not be normalized; thus, each is 
infinite. 

• The Schrodinger equation predicts that the ionized elec- 
tron is sinusoidal over all space and cannot be normalized; 
thus, it is infinite. 

• The Heisenberg uncertainty principle arises as the stan- 
dard deviation in the electron probability wave, but ex- 
perimentally it is not the basis of wave particle duality as 
shown in the Appendix. 

• Quantum mechanical textbooks express the movement of 
the electron, and the Heisenberg uncertainty principle is 
an expression of the statistical aspects of this movement. 
McQuarrie [8, back cover], gives the electron speed in the 
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n = I state of hydrogen as 2.18764 x 10 6 m/s. Remark- 
ably, the uncertainty in the electron speed according to 
the uncertainty principle is J A x 1 0 7 m/s [8, p. 38] which 
is an order of magnitude larger that the speed. 

• Experimentally the electron has precise velocity, kinetic 
energy, and angular momentum. Acquiring these exact 
properties instantaneously defies all known physical prin- 
ciples. 

• The correspondence principle does not hold experimen- 
tally. 

• The Schrodinger equation does not predict the electron 
magnetic moment and misses the spin quantum number 
all together. 

• TTie Schrodinger equation is not a wave equation since it 
gives the velocity squared proportional to the frequency. 

• The Schrodinger equation is not consistent with conser- 
vation of energy in an inverse potential field wherein the 
binding energy is equal to the kinetic energy and the sum 
of the binding energy and the kinetic energy is equai to 
the potential energy. 

• The Schrodinger equation permits the electron to exist in 
the nucleus which is a state that is physically nonsensical 
with infinite potential energy and infinite negative kinetic 
energy. 

• The Schrodinger equation interpreted as a probability 
wave of a point particle cannot explain neutral scattering 
of electrons from hydrogen. 

• The Schrodinger equation interpreted as a probability 
wave of a point particle gives rise to infinite magnetic and 
electnc energy in the corresponding fields of the electron 

• A modification of the Schrodinger equation was devel- 
oped by Dirac to explain spin which relies on the un- 
founded notions of negative energy states of the vacuum, 
virtual particles, and gamma factors. 

The success of quantum mechanics can be attributed to (1) 
the lack of rigor and unlimited tolerance to ad hoc assump- 
tions m violation of physical laws, (2) fantastical experi- 
mentally immeasurable corrections such as virtual particles 
vacuum polarizations, effective nuclear charge, shielding 
ionic character, compacted dimensions, and renormaliza- 
tion, and (3) curve fitting parameters that are justified solely 
on the basis that they force the theory to match the data. 
Quantum mechanics is now in a state of crisis with con- 
stantly modified versions of matter represented as unde- 
tectable minuscule vibrating strings that exist in many un- 
observable hyperdimensions, that can travel back and forth 
between undetectable interconnected parallel universes (An 
analysis of the many failings of quantum mechanics are 
given m the Appendix.) And, recent data shows that the 
expansion of the universe is accelerating. This observation 
has shattered the long held unquestionable doctrine of the 
origin of the universe as a big bang [14]. It may be time to 
reconsider the roots of quantum theory, namely the theory 
of the hydrogen atom. Especially in light of the observation 
of real electron bubbles in helium which require that the 



electron is divisible in order for the Schrodinger equation 
to explain the increase in conductivity upon irradiation with 
low-energy light. This argument is reinforced by the demon- 
stration that the electron in atoms, the free electron, and 
the free electron in superfluid helium can be solved phys- 
ically rather than mathematically in closed form equations 
from first principles. The predictions match the observations 
without requiring that the electron is a probability wave or 
is divisible. 



2. A classical approach to quantum mechanics 

2.1. Introduction 

A theory of classical quantum mechanics (CQM) was 
derived from first principles by Mills [2] that successfully 
applies physical laws on all scales. The classical wave 
equation is solved with the constraint that a bound electron 
cannot radiate energy. The mathematical formulation for 
zero radiation based on Maxwell's equation follows from 
a derivation by Haus [15]. The function that describes the 
motion of the electron must not possess spacetime Fourier 
components that are synchronous with waves traveling at 
the speed of light. CQM gives closed form solutions for 
the atom including the stability of the n = I state and the 
instability of the excited states, the equation of the pho- 
ton and electron in excited states, the equation of the free 
electron, and photon which predict the wave particle dual- 
ity behavior of particles and light. The current and charge 
density functions of the electron may be directly physically 
interpreted. For example, spin angular momentum results 
from the motion of negatively charged mass moving sys- 
tematically, and the equation for angular momentum, r x p 
can be applied directly to the wave function (a current* 
density function) that describes the electron. The magnetic 
moment of a Bohr magneton, Stern Gerlach experiment, g 
factor, Lamb shift, resonant line width and shape, selec- 
tion rules, correspondence principle, wave particle duality, 
excited states, reduced electron mass, rotational ener- 
gies, and momenta, orbital and spin splitting, spin-orbital 
coupling, Knight shift, and spin-nuclear coupling are 
derived in closed form equations based on Maxwell's 
equations. The calculations agree with experimental 
observations. 

Many great physicists rejected quantum mechanics. 
Feynman also attempted to use first principles including 
Maxwell's Equations to discover new physics to replace 
quantum mechanics [16]. Other great physicists of the 20th 
century searched. "Einstein [ . . . ] insisted [ . . . ] that a more 
detailed, wholly deterministic theory must underlie the va- 
garies of quantum mechanics [17]" He felt that scientists 
were misinterpreting the data. 

The results of Mill's theory demonstrate that classical 
physical laws describe reality on all scales. Unlike quantum 
mechanics which postulates that different laws apply on the 
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atomic level, the premise of Mill's theory is that a valid 
theory must comply with all of the following: 

• theory must be internally consistent even between widely 
different phenomena, 

• Maxwell's equations, 

• conservation of matter/energy, 

• conservation of linear and angular momentum, 

• charge conservation, 

• first and second law of thermodynamics, 

• Newton's law in the low speed limit; special relativity 
otherwise, 

• general relativity (e.g. Schwarzschild metric) — no cos- 
mological constant; and Newtonian gravitation in the 
weak field limit (which demands no cosmological con- 
stant), 

• a vacuum is a vacuum, 

• constant maximum of the speed of light in a vacuum, 

• 4 dimensional spacetime, 

• the only allowed parameters are the measured fundamen- 
tal constants. 

Quantum mechanics is based on engendering the electron 
with a wave nature as suggested by the Davisson-Germer 
experiment and fabricating a set of associated postulates and 
mathematical rules for wave operators. Quantum mechan- 
ics is in violation of Maxwell's equations as shown through 
application of Haus's condition to the Schrodinger wave 
functions [15]. Nonradiation based on Maxwell's equations 
is a necessary boundary constraint since nonradiation is ob- 
served experimentally. The shortcoming of QM regarding 
violation of Maxwell's equations and other first principles 
are further discussed in the Appendix. 

2.2. Mills approach to the solution of the electron 

Mills solves the electron by a different approach than that 
used to solve the Schrodinger wave equation. Rather than 
using a postulated wave equation with time eliminated in 
terms of the energy of the electron in a Coulomb field and 
solving the charge wave (Schrodinger interpretation) or the 
probability wave (Born interpretation), the solution for the 
scalar (charge) and vector potential (current) functions of 
the electron are sought based on first principles. Mills first 
assumes that the functions that physically describe the mass 
and charge of the electron in space and time obey the wave 
equation since it conserves energy and angular momentum. 
The solution is generalized to be three-dimensional plus 
time. Rather than use the postulated Schrodinger boundary 
condition: !P — > 0 as r — ► oo, which leads to a purely 
mathematical model of the electron, the constraint is based 
on experimental observation that the moving charge must 
not radiate. Application of the Haus condition based on 
Maxwell's equations to a generalized three dimension plus 
time wave equation requires that the functions must be 
solutions of Eq. (51), a two-dimensional wave equation 
plus time. This is consistent with first principle laws and 



ultimately matches experimentation. However, it is uncon- 
ventional. 

The two-dimensional wave equation plus time is given 
by McQuarrie [8, p. 207]. The electron is confined to two 
dimensions (0 and 0) plus time. Spherical harmonic func- 
tions and time harmonic functions are well-known solutions 
of the angular and time components of the two-dimensional 
wave equation plus time, respectively. The solutions appear 
in McQuarrie [8, pp. 206-225]. A constant current function 
is also a solution of the wave equation. A constant func- 
tion corresponding to the electron spin function is added to 
each of the spherical harmonic functions to give the charge 
(mass) density functions of the electron as a function of 
time. The integral of a spherical harmonic function over 9 
and <j> is zero. The integral of the constant function over 
6 and <p is *e total charge (mass) of the electron. These 
functions comprise the well-known s, p, d, f, etc. electrons 
or orbitals. In the case that such an electron state arises as 
an excited state by photon absorption, it is radiative due to 
a radial dipole term in its current density function since it 
possesses spacetime Fourier components synchronous with 
waves traveling at the speed of light. 

The excited states are solved, including the radii of the 
orbitspheres, using Maxwell's equations with the traditional 
source current boundary constraints at the electron. Quan- 
tization arises from the equation of the photon and the 
electron — not from the solution of the electron alone. After 
all, each solution is for an excited state created by the absorp- 
tion of a photon. The solutions are analogous to those of ex- 
cited resonator modes except that the cavity is dynamic. The 
field lines from the proton end on the current density func- 
tion of the electron, and the electric field is zero for r > r„. 
The trapped photons are a solution of the three-dimensional 
wave equation plus time given by Maxwell's equations. The 
electrodynamic field of the photon is a constant function 
plus a time and spherical harmonic function that is in phase 
with source currents at the electron which is given by a 
constant plus a time and spherical harmonic function. Only 
particular solutions are possible as resonant photons of the 
electron which is a dynamic resonator cavity. The results 
are in agreement with first principle physics and experimen- 
tal observations of the hydrogen atom, excited states, free 
electron, and free space photon, including the wave particle 
duality aspects. 

23. Spin and orbital parameters arise from first principles 

An electron is a spinning, two-dimensional spherical sur- 
face, called an electron orbitsphere, that can exist in a bound 
state only at specific radii r n from the nucleus. (See Fig. 1 for 
a pictorial representation of an orbitsphere.) The result for 
the n= 1 state of hydrogen is that the charge density function 
remains constant with each point on the surface moving -at 
the same angular and linear velocity. The constant function 
solution of the two-dimensional wave equation corresponds 
to the spin function which has a corresponding spin angular 
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momentum that may be calculated from r x p applied directly 
to the current density function that describes the electron. 
The radius of the nonradiative (n = 1 ) state is solved using 
the electromagnetic force equations of Maxwell relating the 
charge and mass density functions, wherein the angular mo- 
mentum of the electron is given by Planck's constant bar 
(Eq. (1.165) of [2]). The reduced mass arises naturally from 
an electrodynamic interaction between the electron and the 
proton, rather than from a point mass revolving around a 
point nucleus in the case of Schrodinger wave equation so- 
lutions which presents an internal inconsistency since the 
wave functions are spherically symmetrica]. 

CQM gives closed form solutions for the resonant pho- 
tons and excited state electron functions. Angular momen- 
tum of the photon given by m = ( l/8;i)Re[r x (E x B* )]h is 
conserved. The change in angular velocity of the electron is 
equal to the angular frequency of the resonant photon. The 
energy is given by Planck's equation. The predicted ener- 
gies, Lamb shift, hyperflne structure, resonant line shape, 
line width, selection rules, etc. are in agreement with obser- 
vation. 

The radii of excited states are solved-using the electro- 
magnetic force equations of Maxwell relating the field from 
the charge of the proton, the electric field of the photon, and 
charge and mass density functions of the electron wherein 
the angular momentum of the electron is given by Planck's 
constant bar (Eq. (1.165) of [2]). 

For excited states of the hydrogen atom, the constant 
function solution of the two-dimensional wave equation 
corresponds to the spin function. Each spherical harmonic 
function modulates the constant spin function and corre- 
sponds to an orbital function of a specific excited state 
with a corresponding phased-matched-trapped photon and 
orbital angular momentum. Thus, the spherical harmonic 
function behaves as a charge density wave which trav- 
els time harmonically on the surface of the orbitsphere 



about a specific axis. (See Fig. 2 for a pictorial represen- 
tation.) An amplitude of the corresponding orbital energy 
may be calculated from Maxwell's equations. Since the 
constant function is modulated harmonically, the time 
average of the orbital energy is zero except in the pres- 
ence of a magnetic field. Nondegeneracy of energy levels 
arises from spin, orbital, and spin-orbital coupling in- 
teractions with the applied field. The electrodynamics 
interaction with the magnetic field gives rise to the observed 
hyperfine splitting of the hydrogen spectrum. 

Many inconsistencies arise in the case of the corre- 
sponding solutions of the Schrodinger wave equation. For 
example, where is the photon in excited states given by 
the Schrodinger equation? And a paradox arises for the s " 
change in angular momentum due to photon absorption/ 
The Schrodinger equation solutions for the kinetic energy 
of rotation K„* is given by Eq. (10) and the value of the 
electron angular momentum L for the state Y( m (9, <p) given 
by Eq. (11) predict that the excited state rotational energy 
levels are nondegenerate as a function of the / quantum 
number even in the absence of an applied magnetic field, 
and the predicted energy is over six orders of magnitude 
of the observed nondegenerate energy in the presence of a 
magnetic field. In the absence of a magnetic field, no pre- 
ferred direction exists. In this case, ^ the quantum number 
is a function of the orientation of the atom with respect to 
an arbitrary coordinate system, Therefore, the nondegen- 
eracy is nonsensical and violates conservation of angular 
momentum of the photon. 

In quantum mechanics, the spin angular momentum of the 
electron is called the "intrinsic angular momentum" since no 
physical interpretation exists. The Schrodinger equation is 
not Lorentzian invariant in violation of special relativity. It 
failed to predict the results of the Stem-Gerlach experiment 
which indicated the need for an additional quantum number. 
Quantum electrodynamics was proposed by Dirac in 1926 
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Fig. 2. The orbital function modulates the constant (spin) function (shown for / = 0; cross-sectional view). 



to provide a generalization of quantum mechanics for high 
energies in conformity with the theory of special relativity 
and to provide a consistent treatment of the interaction of 
matter with radiation. It is fatally flawed. From Weisskopf 
[18], "Dirac's quantum electrodynamics gave a more con- 
sistent derivation of the results of the correspondence prin- 
ciple, but it also brought about a number of new and se- 
rious difficulties." Quantum electrodynamics: (1) does not 
explain nonradiation of bound electrons', (2) contains an 
internal inconsistency with special relativity regarding the 
classical electron radius — the electron mass corresponding 



to its electric energy is infinite (the Schrodinger equation 
fails to predict the classical electron radius); (3) it admits so- 
lutions of negative rest mass and negative kinetic energy; (4) 
the interaction of the electron with the predicted zero-point 
field fluctuations leads to infinite kinetic energy and infinite 
electron mass; and (5) Dirac used the unacceptable states 
of negative mass for the description of the vacuum; yet, in- 
finities still arise. Dirac's equation which was postulated, to 
explain spin relies on the unfounded notions of negative en- 
ergy states of the vacuum, virtual particles, and gamma fac- 
tors. AH of these features are untenable or are inconsistent 
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with observation. These problems regarding spin and orbital 
angular momentum and energies and the classical electron 
radius are nonexistent with CQM solutions [2]. 

Furthermore, Mills [2, pp. 1-21] shows that the 
Schrodinger equation may be transformed into a form 
consistent with first principles. In the case that the poten- 
tial energy of the Hamiltonian, H y is a constant times the 
wave number, the Schrodinger equation is the well-known 
Bessel equation. Then with one of the solutions for the 
wave function V (a current density function rather than a 
probability wave) is equivalent to an inverse Fourier trans- 
form. According to the duality and scale change properties 
of Fourier transforms, the energy equation of Mills theory 
and that of quantum mechanics are identical, the energy of 
a radial Dirac delta function of radius equal to an integer 
multiple of the radius of the hydrogen atom. 

2.4. The Mills theory — a classical quantum theory 

One-electron atoms include the hydrogen atom, 
He + ,Li 2+ ,Be 3+ , and so on. The mass-energy and angu- 
lar momentum of the electron are constant; this requires 
that the equation of motion of the electron be temporally 
and spatially harmonic. Thus, the classical wave equation 
applies and 



v 2 5/ 2 



p(r f 0,0,f) = O 



(37) 



where p(r, 0, <j> y t) is the charge density function of the elec- 
tron in time and space. In general, the wave equation has 
an infinite number of solutions. To arrive at the solution 
which represents the electron, a suitable boundary condition 
must be imposed. It is well known from experiments that 
each single atomic electron of a given isotope radiates to the 
same stable state. Thus, Mills chose the physical boundary 
condition of nonradiation of the bound electron to be im- 
posed on the solution of the wave equation for the charge 
density function of the electron. The condition for radiation 
by a moving point charge, given by Haus [15], is that its 
spacetime Fourier transform does possess components that 
are synchronous with waves traveling at the speed of light. 
Conversely, it is proposed that the condition for nonradia- 
tion by an ensemble of moving point charges that comprises 
a charge density function is: 
For nonradiative states, the current-density function 
must not possess spacetime Fourier components that 
are synchronous with waves traveling at the speed of 
light. 

The Haus derivation applies to a moving charge-density 
function as well, because charge obeys superposition. The 
Haus derivation is summarized below. 

The Fourier components of the current produced by the 
moving charge are derived. The electric field is found from 
the vector equation in Fourier space (k, w-space). The in- 
verse Fourier transform is carried over the magnitude of 
k. The resulting expression demonstrates that the radiation 



field is proportional to Jj.((cj/c)n,ct)), where Jx(k,co) is 
the spacetime Fourier transform of the current perpendicular 
to k and n = k/|*|. Specifically, 

E^r,*;)^^- [ p(w f Q)dm6Q x f^n 
in In } y Eo 

x(nxJx(^n^)e i(ffl/c)n,r ). (38) 

The field Ej_(r,co)d(y/27r is proportional to Jx((cu/c)n,ca), 
namely, the Fourier component for which k=co/c. Factors of 
co that multiply the Fourier component of the current are due 
to the density of modes per unit volume and unit solid angle. 
An unaccelerated charge does not radiate in free space, not 
because it experiences no acceleration, but because it has no 
Fourier component Jx((co/c)n,a>). 

The time, radial, and angular solutions of the wave 
equation are separable. The motion is time harmonic with 
frequency a>„. To be a harmonic solution of the wave equa- 
tion in spherical coordinates, the angular functions must 
be spherical harmonic functions. A zero of the spacetime 
Fourier transform of the product function of two spherical 
harmonic angular functions, a time harmonic function, and 
an unknown radial function is sought. The solution for the 
radial function which satisfies the boundary condition is a 
delta function 

f(r)=±5(r-r n ), (39) 

where r n = nr\ is an allowed radius. Thus, bound elec- 
trons are described by a charge-density (mass-density) 
function which is the product of a radial delta function 
(f( r ) = (\/r*)S(r ~ r n))y two angular functions (spher- 
ical harmonic functions), and a time harmonic function. 
Thus, an electron is a spinning, two-dimensional spherical 
surface, called an electron orbitsphere, that can exist in a s 
bound state at only specified distances from the nucleus as 
shown in Fig. 1 . More explicitly, the orbitsphere comprises 
a two-dimensional spherical shell of moving charge. 

The total function that describes the spinning motion of 
each electron orbitsphere is composed of two functions. One 
function, the spin function, is spatially uniform over the or- 
bitsphere, spins with a quantized angular velocity, and gives 
rise to spin angular momentum. The other function, the mod- 
ulation function, can be spatially uniform — in which case 
there is no orbital angular momentum and the magnetic mo- 
ment of the electron orbitsphere is one Bohr magneton — or 
not spatially uniform — in which case there is orbital angu- 
lar momentum. The modulation function also rotates with a 
quantized angular velocity. 

The corresponding current pattern of the constant charge 
function of the orbitsphere corresponding to the spin func- 
tion comprises an infinite series of correlated orthogonal 
great circle current loops. The current pattern is generated 
over the surface by two orthogonal sets of an infinite series 
of nested rotations of two orthogonal great circle current 
loops where the coordinate axes rotate with the two orthog- 
onal great circles. Each infinitesimal rotation of the infinite 
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Fig. 3. Two infinitesimal point masses (charges) of two orthogonal 
great circle current loops in the orbitsphere frame. 



series is about the new x-axis and new y-axis which results 
from the preceding such rotation. For each of the two sets 
of nested rotations, the angular sum of the rotations about 
each rotating x-axis and y-axis totals n/2t* radians. 

Consider the electron to be evenly distributed within two 
orthogonal great circle current loops. Then consider two in- 
finitesimal point masses (charges), one and two, of two or- 
thogonal great circle current loops. The Cartesian coordinate 
system wherein the first current loop lies in the yz-plane, and 
the second current loop lies in the xz-plane is designated the 
orbitsphere reference frame. Consider the two point masses, 
one and two, in the reference frame of the orbitsphere at 
time zero. Point one is at x = 0, / = 0, and z = r„ and point 
two is at x f = r aj y' = 0, and z' = 0. Let point one move on a 
great circle toward the negative y'-axis, as shown in Fig. 3, 
and let point two move on a great circle toward the positive 
z'-axis, as shown in Fig. 3. The equations of motion, in the 
reference frame of the orbitsphere are given by 

point one: 



x\ = 0, y\ = -r„ sin(co n /), z\ = r„ cos(o>nO 



(40) 



point two: 

x 2 = r„cos(a>nO> y'i = 0, z 2 = r„ s\n{a) n t). (41) 

The great circles are rotated by an infinitesimal angle Aot 
(a rotation around the x-axis) and then by Aot (a rotation 
around the new y-axis). The coordinates of each point on the 
rotated great circle is expressed in terms of the first (x,y,z) 
coordinates by the following transforms: 



(43) 

and Aoc' = - Aoc replaces Aoc for 

n/2s/A3 \/2n/tA:x'| 

Aa= V27t; ]T |Aa'| = V^2n. 

The total orbitsphere is given by reiterations of Eqs. (42) 
and (43). The output given by the nonprimed coordinates 
is the input of the next iteration corresponding to each suc- 
cessive nested rotation by the infinitesimal angle where the 
summation of the rotation about each of the x-axis and the 
y-axis is 



v^a/IAa'l 

and ]T \&a r \ = y/2n. 



The current pattern corresponding to, point one and point 
two shown with 8.49 degree increments of the infinitesimal 
angular variable Aa(Aoc') of Eqs. (42) and (43) is shown 
from the perspective of looking along the z-axis in Fig. 4. 
The complete orbitsphere current partem corresponds to all 
such correlated points, point one and point two, of the or- 
thogonal great circles shown in Fig. 3 which are rotated ac- 
cording to Eqs. (42) and (43) where Aa(Acc') approaches 
zero and the summation of the infinitesimal angular rota- 
tions of Acc(Aoc') about the successive x-axes and y-axes 
is y/ln. The current pattern gives rise to the phenomenon 
corresponding to the spin quantum number. 

The fourth quantum number arises naturally in the Mills 
theory as derived in the Electron g Factor Section [2]. The 
Stern-Gerlach experiment implies a magnetic moment of 
one Bohr magneton and an associated angular momentum 
quantum number of 1/2. Historically, this quantum number 
is called the spin quantum number, s (s = 1/2; m s = ± 1/2). 
Conservation of angular momentum of the orbitsphere per- 
mits a discrete change of its "kinetic angular momentum" 
(r x mV) by the field of ft/2, and concomitantly the "po- 
tential angular momentum" (r x eA) must change by -ft/2.' 
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(49) 




VIEW ALONG THE Z AXIS 

Fig. 4. The current pattern of the orbitsphere shown with 8.49° 
increments of the infinitesimal angular variable Aa(Aoc') from the 
perspective of looking along the z-axis. 

The flux change, <f>, of the orbitsphere for r < r„ is deter- 
mined as follows: 



AL = - - r x eA, 



(44) 
(45) 

(46) 



In order that the change of angular momentum, AL, equals 
zero, <p must be # 0 =A/2e, the magnetic flux quantum. Thus, 
to conserve angular momentum in the presence of an ap- 
plied magnetic field, the orbitsphere magnetic moment can 
be parallel or antiparallel to an applied field as observed with 
the Stern-Gerlach experiment, and the flip between orien- 
tations (a rotation of tt/2) is accompanied by the "capture" 
of the magnetic flux quantum by the orbitsphere. During the 
spin-flip transition, power must be conserved. Power flow 
is governed by the Poynting power theorem, 



V • (E x H) 



dt [2 
dt [i 



BoE • E 



-J • E 



(47) 



Eq. (48) [2] gives the total energy of the flip transition which 
is the sum of the energy of reorientation of the magnetic 
moment (1st term), the magnetic energy (2nd term), the 
electric energy (3rd term), and the dissipated energy of a 
fluxon treading the orbitsphere (4th term), respectively. 

**- I ( ,+ = + 5'(sH(s) , )- W) 



The spin-flip transition can be considered as involving a 
magnetic moment of g times that of a Bohr magneton. The 
g factor is redesignated the fluxon g factor as opposed to 
the anomalous g factor. The calculated value of g/2 is 1 .001 
159 652 137. The experimental value of g/2 is 1.001 159 
652 188(4). 

The Mills theory solves the wave equation for the charge 
density function of the electron. The time, radial, and angu- 
lar solutions of the wave equation are separable. Also, the 
radial function for the electron indicates that the electron is 
two-dimensional. Therefore, the angular mass-density func- 
tion of the electron, A{6> <£, /), must be a solution of the wave 
equation in two dimensions (plus time), 

l|^W^,) = 0, (50) 



V 2 - 



where p(r,0, <£, f)=/( r )4(0, c>, t)=(\/r 2 )S(r- r„)/!(0, & /) 
and A(0 i <t> t t)=Y(0 y (t>)k(t) 



(51) 



where v is the linear velocity of the electron. The 
charge-density functions including the time-function factor 
are 

if = 0: 

^M,0=^[^-^)P;(W)+ (52) 

p(r, 0,<£,O 

=^[<5(r - r m )][Y!{B 9 <t>) + Re{l?(M)[I + e**']}] 

(53) 

where Re{J7(0,^)[l + e it0 »']} = Refl^M) 
+ HMJc^] = P? (cos 0) cos m<t> + P?(cos9) 
cos(m<£ + cm) and <o„ = 0 for m = 0. 

The spin function of the electron (see Fig. 1 for the charge 
function and Fig. 4 for the current function) corresponds 
to the nonradiative n = 1, { — 0 state of atomic hydrogen 
which is well known as an s state or orbital. The constant 
spin function is modulated by a time and spherical harmonic 
function as given by Eq. (53) and shown in Fig. 2. The mod- 
ulation or traveling charge density wave corresponds to an 
orbital angular momentum in addition to a spin angular mo- 
mentum. These states are typically referred to as p, d, f, etc. 
orbitals and correspond to an <f quantum number not equal 
to zero. Application of Haus's [1 8] condition (Eqs. (54)- 
(56)) also predicts nonradiation for a constant spin function 
modulated by a time and spherically harmonic orbital func- 
tion. There is acceleration without radiation. (Also see Ab- 
bott and Griffiths and Goedecke [19,20]). However, in the 
case that such a state arises as an excited state by photon 
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absorption, it is radiative due to a radial dipole term in its 
current density function since it possesses spacetime Fourier 
Transform components synchronous with waves traveling at 
the speed of light [2]. 

The Fourier transform of the electron charge den- 
sity function is a solution of the four-dimensional wave 
equation in frequency space (k, w-space). Then the corre- 
sponding Fourier transform of the current density function 
K(s, &,<P,a)) is given by multiplying by the constant angu- 
lar frequency. 

K(s,e,0,a>) 



sin{2s n r„) 
2s n r„ 



<g>27l^ 



( -l) p -'(7rsin€>) 2( ''-' ) 
(v-\)\(v-\)\ 



T(j)r(o+j) 2v\ 2v 
(7rcos<9) 2D+, 2 0+, (u- 1)! 

^ (»-l)K»- I)-' (* cos $Y*+i2*+* 

s -iv 1 [5{0) _ ^ + 6{0} + (54) 
(y- 1)! 4n 
The motion on the orbitsphere is angular, however, a radial 
component exists due to special relativistic effects. Consider 
the radial wave vector of the sine function. When the radial 
projection of the velocity is c 

S n • V„ = S* • C = ton (55) 

the relativistically corrected wavelength is 

r n = X n (56) 

(i.e. the lab frame motion in the angular direction goes to 
zero as the velocity approaches the speed of light). Substi- 
tution of Eq. (56) into the sine function results in the van- 
ishing of the entire Fourier transform of the current-density 
function. Thus, spacetime harmonics of co„/c = k or 
{<Dnlc)yfzfeo = k for which the Fourier transform of the 
current-density function is nonzero do not exist. Radiation 
due to charge motion does not occur in any medium when 
this boundary condition is met 

The orbitsphere is a resonator cavity which traps pho- 
tons of discrete frequencies. The radius of an orbitsphere in- 
creases with the absorption of electromagnetic energy. The 
solutions to Maxwell's equations for modes that can be ex- 
cited in the orbitsphere resonator cavity give rise to four 
quantum numbers, and the energies of the modes are the 
experimentally known hydrogen spectrum. 

The subscript n is used in Eqs. (39) and (74), the quan- 
tization condition, appears in the Excited States of the 
One Electron Atom (Quantization) Section of Mills 
[2]. Quantization arises as "allowed" solutions of the 
wave equation corresponding to a resonance between 
the electron and a photon. 

More explicitly, it is well known that resonator cavities 
can trap electromagnetic radiation of discrete resonant fre- 
quencies. The orbitsphere is a resonator cavity which traps 



photons of discrete frequencies. Thus, photon absorption oc- 
curs as an excitation of a resonator mode. The "trapped pho- 
ton" is a "standing electromagnetic wave" which actually is 
a circulating wave that propagates along with each great cir- 
cle current loop of the orbitsphere. The time-function factor, 
k(t), for the "standing wave" is identical to the time- function 
factor of the orbitsphere in order to satisfy the boundary 
(phase) condition at the orbitsphere surface. Thus, the an- 
gular frequency of the "trapped photon" has to be identi- 
cal to the angular frequency of the electron orbitsphere, co„. 
Furthermore, the phase condition requires that the angular 
functions of the "trapped photon" have to be identical to 
the spherical harmonic angular functions of the electron or- 
bitsphere. Combining k(t) with the <£- function factor of the 
spherical harmonic gives e l(fll *~ aW) for both the electron and 
the "trapped photon" function. The photon is "glued" to the 
inner orbitsphere surface and the outer nuclear surface as 
photon source charge density with a radial electric field. 

From the application of the nonradiative boundary condi- 
tion, the instability of excited states as well as the stability 
of the "ground" state arise naturally in the Mills theory as 
derived in Stability of Atoms and Hydrinos Section [2]. In 
addition to the above known states of hydrogen (Eq. (1 ), the 
theory predicts the existence of a previously unknown form 
of matter: hydrogen atoms and molecules having electrons 
of lower energy than the conventional "ground" state, called 
hydrinos and dihydrinos, respectively, where each energy 
level corresponds to a fractional quantum number. 

The central field of the proton corresponds to integer one 
charge. Excited states comprise an electron with a trapped 
photon. In all energy states of hydrogen, the photon has an 
electric field which superposes with the field of the proton. 
In the n — 1 state, the sum is one, and the sum is zero in the 
ionized state. In an excited state, the sum is a fraction of one 
(i.e. between zero and one). Derivations from first principles 
given by Mills demonstrate that each "allowed" fraction cor- 
responding to an excited state is 1 /integer. The relationship 
between the electric field equation and the "trapped pho- 
ton" source charge-density function is given by Maxwell's 
equation in two dimensions. 



n«(Ei - E 2 ) = a/£o 



(57) 



where n is the radial normal unit vector, Ej = 0 (Ej is the 
electric field outside of the orbitsphere), E 2 is given by the 
total electric field at r n = na» y and a is the surface charge 
density. The electric field of an excited state is fractional; 
therefore, the source charge function is fractional. It is well 
known that fractional charge is not "allowed". The reason 
is that fractional charge typically corresponds to a radiative 
current density function. The excited states of the hydrogen 
atom are examples. They are radiative; consequently, they 
are not stable. Thus, an excited electron decays to the first 
nonradiative state corresponding to an integer field, n= 1 (i.e. 
a field of integer one times the central field of the proton). 

Equally valid from first principles are electronic states 
where the magnitude of the sum of the electric field of the 
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photon and the proton central field are an integer greater 
than one times the central field of the proton. These states 
are nonradiative. A catalyst can effect a transition between 
these states via a nonradiative energy transfer. Substantial 
experimental evidence exists that supports the existence of 
this novel hydrogen chemistry and its applications [21-55] 
which was missed entirely due to the erroneous concept of 
the hydrogen atom "ground state" based on the Schrodinger 
equation. An analysis of the shortcomings of the Schrodinger 
equation are given in the Appendix and in a paper by Mills 
[7], The success of the classical theory of Mills is demon- 
strated in a recent presentation and recent publications 
[53-55]. 

Furthermore, it is a mistake to take the position that solu- 
tions of the Postulated Schrodinger equation which corre- 
spond to /?= integer prohibit the existence of hydrogen atoms 
having a binding energy corresponding to n — 1 /integer. 
Specifically, it is wrong to take the position that n— 1 /integer 
values cannot exist according to conventional scientific the- 
ories since the Schrodinger equation may be solved for ei- 
ther case with equal validity. However, in neither case does 
the Schrodinger equation provide a physical basis for their 
existence or behavior with regard to radiation. For example, 
the Schrodinger equation does not explain the observation 
that spontaneous emission of radiation does not occur for the 
state having a binding energy of 13.6 eV. See the Appendix 
and Mills [7]. 

2.5. Schrodinger states below n = 1 

In Eq. (22), n* does not have to be an integer, it may be 
any arbitrary constant fi. Then the corresponding solution 
is [13] 



(58) 



where k is a positive integer. By comparing Eqs. (21) and 
(22), 

* 2 - 1 



4 

Thus, 
k = It + I 
and 
. *- 1 



(59) 



(60) 



we 



2 " " ft 
Substitution of the value of a and solving for W gives 



(61) 



W = 



1 



2 (n* - tfh 2 ' 



(62) 



Because of the conditions on n* and fr, the quantity n* — t 
cannot be zero. In the case that n* is given as n* = \/p + 1 
where p is a positive integer, the condition is satisfied. In this 
case, the principal quantum number is given as 1 /p where 



p is a positive integer. The energy states of the hydrogen 
atom are 

1 me 4 



2 c-n 1 



(63) 



(64) 



and the corresponding eigenfunctions from Eq. (58) are 
d 2/+i 

where the variable x is defined by 

VSmW 2me 2 
x = ar=— — r=— r. (65) 

p 

In the Bohr theory of the hydrogen atom, the first orbital has 
a radius in CGS units given by 

a 0 = = 0.53 x 10" 8 cm. (66) 
Thus, a = 2 p/ao and 



(67) 



The energy states of the hydrogen atom in CGS units in 
terms of the Bohr radius are given by 



I me 4 



(68) 



2 ( l p n 2 2(I)W 

Eq. (68) corresponds to hydrogen atoms having a binding 
energy corresponding to n = 1/integer. It is an equally valid 
solution of the Schrodinger equation for the energy of the 
hydrogen atom as Eq. (29) corresponding to hydrogen atoms 
having a binding energy corresponding to n — integer. 

2.6. The electron of atomic hydrogen does not 
spontaneously emit radiation at the n—\ state, but that 
does not preclude radiationless processes including 
formation of molecular hydrogen s • 

The nonradiative state of atomic hydrogen which is his- 
torically called the "ground state" forms the basis of the 
boundary condition of Mills theory [2, pp. 33-109] to solve 
the wave equation. Mills further predicts [2, pp. 138-175] 
that certain atoms or ions serve as catalysts to release energy 
from hydrogen to produce an increased binding energy hy- 
drogen atom called a hydrino atom having a binding energy 
of 

tv a- T7 13.6 eV 

Bmdmg Energy = — (69) 



(70) 



where 

111 1 

n — r, ~, t>- • • , — 
2 3 4 p 

and p is an integer greater than 1, designated as E[oh/p] 
where aw is the radius of the hydrogen atom. Hydrinos are 
predicted to form by reacting an ordinary hydrogen atom 
with a catalyst having a net enthalpy of reaction of about 

m x 27.2 eV (71) 

where m is an integer. This catalysis releases energy from 
the hydrogen atom with a commensurate decrease in size of 



R.L Mills I International Journal of Hydrogen Energy 26 (2001) J 059-1096 



1073 



the hydrogen atom, r„ = nan. For example, the catalysis of 
H(n = 1 ) to H(n = 1/2) releases 40.8 eV, and the hydrogen 
radius decreases from an to \aw- 

It is taught in textbooks that atomic hydrogen cannot go 
below the ground state. Atomic hydrogen having an exper- 
imental ground state of 13.6 eV can only exist in a vacuum 
or in isolation, and atomic hydrogen cannot go below this 
ground state in isolation. However, there is no known com- 
position of matter containing hydrogen in the ground state 
of 13.6 eV. Atomic hydrogen is a free radical and is very re- 
active. It may react to form a hydride ion or compositions of 
matter. It is a chemical intermediate which may be trapped 
as many chemical intermediates may be by methods such as 
isolation or cryogenically. A hydrino atom may be consid- 
ered a chemical intermediate that may be trapped in vacuum 
or isolation. A hydrino atom may be very reactive to form 
a hydride ion or a novel composition of matter. Hydrogen 
at predicted lower energy levels, hydrino atoms, has been 
identified in the extreme ultraviolet emission spectrum from 
interstellar medium [7]. In addition, new compositions of 
matter containing hydrogen at predicted lower energy levels 
have recently been observed in the laboratory [32,34-52], 
which energy levels are achieved using the novel catalysts. 
Spectroscopic experiments confirm the catalysis of hydro- 
gen [21-38]. 

The excited energy states of atomic hydrogen are also 
given by Eq. (69) except that 

n= 1,2,3,... . (72) 

The n = 1 state is the "ground" state for "pure" photon tran- 
sitions (the n = 1 state can absorb a photon and go to an ex- 
cited electronic state, but it cannot release a photon and go to 
a lower-energy electronic state). However, an electron tran- 
sition from the ground state to a lower-energy state is possi- 
ble by a nonradiative energy transfer such as multipole cou- 
pling or a resonant collision mechanism. These loweT-energy 
states have fractional quantum numbers, n = 1 /integer. Pro- 
cesses that occur without photons and that require collisions 
are common. For example, the exothermic chemical reaction 
of H + H to form H 2 does not occur with the emission of a 
photon. Rather, the reaction requires a collision with a third 
body, M, to remove the bond energy — H+H+M — ► H 2 +M* 
[56]. The third body distributes the energy from the exother- 
mic reaction, and the end result is the H 2 molecule and an 
increase in the temperature of the system. Some commercial 
phosphors are based on nonradiative energy transfer involv- 
ing multipole coupling [57]. For example, the strong absorp- 
tion strength of Sb 3+ ions along with the efficient nonradia- 
tive transfer of excitation from Sb 3+ to Mn 2+ , are responsi- 
ble for the strong manganese luminescence from phosphors 
containing these ions. Similarly, the n = 1 state of hydrogen 
and the n= I /integer states of hydrogen are nonradiative, but 
a transition between two nonradiative states is possible via 
a nonradiative energy transfer, say n = 1 to n = 1/2. In these 
cases, during the transition the electron couples to another 
electron transition, electron transfer reaction, 'or inelastic 



scattering reaction which can absorb the exact amount of en- 
ergy that must be removed from the hydrogen atom. Thus, 
a catalyst provides a net positive enthalpy of reaction of 
m x 27.2 eV (i.e. it absorbs m x 27.2 eV where m is an in- 
teger). Certain atoms or ions serve as catalysts which reso- 
nantly accept energy from hydrogen atoms and release the 
energy to the surroundings to effect electronic transitions to 
fractional quantum energy levels. 

Once formed hydrinos have a binding energy given by 
Eqs. (69) and (70); thus, they may serve as catalysts which 
provide a net enthalpy of reaction given by Eq. (71). Also, 
the simultaneous ionization of two hydrogen atoms may 
provide a net enthalpy given by Eq. (71 ). Since the surfaces 
of stars comprise significant amounts of atomic hydrogen, 
hydrinos may be formed as a source to interstellar space 
where further transitions may occur [7]. 

A number of experimental observations lead to the con- 
clusion that atomic hydrogen can exist in fractional quantum 
states that are at lower energies than the traditional "ground" 
(n = 1 ) state. For example, the existence of fractional quan- 
tum states of hydrogen atoms explains the spectral observa- 
tions of the extreme ultraviolet background emission from 
interstellar space [58], which may characterize dark matter 
as demonstrated in Table 2 of Mills [7], 

Laboratory experiments that confirm the novel hydrogen 
chemistry include extreme ultraviolet (EUV) spectroscopy ■ 
[21-33,36-38], plasma formation [21-33,36-38], power 
generation [22-24,29,55], and analysis of chemical com- 
pounds [32,36-52,55]. For example; lines observed by 
EUV spectroscopy could be assigned to transitions of 
atomic hydrogen to lower energy levels corresponding to 
lower energy hydrogen atoms called hydrino atoms and the 
emission from the excitation of the corresponding hydride 
ions formed from the hydrino atoms [23]. The chemical 
interaction of catalysts with hydrogen at temperatures be- 
low 1000 K has shown surprising results in terms of the 
emission of the Lyman and Balmer lines [21-38] and the 
formation of novel chemical compounds [32,34-52]. An 
energetic plasma in hydrogen was generated by a catalysis 
reaction at 1% of the theoretical or prior known voltage 
requirement and with 1000s of times less power input in 
a system wherein the plasma reaction is controlled with 
a weak electric field [23,24,29]. The optically measured 
output power of gas cells for power supplied to the glow 
discharge increased by over two orders of magnitude de- 
pending on the presence of less than 1% partial pressure 
of certain of catalysts in hydrogen gas or argon-hydrogen 
gas mixtures [22]. A hydrogen plasma formed by reacting 
a catalyst with hydrogen was recorded when there was no 
electric energy input to the reaction [27,28]. The optically 
measured output power of gas cells for power supplied to 
the glow discharge increased by over two orders of mag- 
nitude depending on the presence of less than 1 % partial 
pressure of certain of catalysts in hydrogen gas or argon- 
hydrogen gas mixtures [22]. Continuum state emission of 
Cs 2+ and Ar* + at 53.3 nm and 45.6 nm, respectively, with 
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the absence of the other corresponding Rydberg series of 
lines from these species confirmed the resonant nonra- 
diative energy transfer of 27.2 eV from atomic hydrogen 
to atomic cesium or Ar + . The predicted hydride ion of 
hydrogen catalysis by either cesium atom or Ar + catalyst 
is the hydride ion H"(l/2). This ion was observed 
spectroscopically at 407 nm corresponding to its predicted 
binding energy of 3.05 e V [21]. 

2. 7. Theory of one electron states (hydrogen atom and 
electron bubble in superfluid helium ) 

Recently a new challenge to the fundamental foundations 
of quantum mechanics has arisen based on experiments of 
free electrons injected into superfluid helium. In order to ex- 
plain the increase in conductivity observed when electrons 
in superfluid helium are irradiated with light, British physi- 
cist Humphrey Maris has proposed that the electron breaks ' 
into equal sized fragments which he calls "electrinos". Ac- 
cording to Maris, this process of division of the electron may 
continue to such that the electron breaks into two and then 
the 1/2 electrons may divide into two forming 1/4 electrons, 
and the process may repeat indefinitely. 

Electrons do not break into pieces. It is shown infra that 
the free electron in superfluid helium is an orbitsphere which 
can act as a resonator cavity and absorb resonant radiation 
to form stable nonradiative states of radii n= I/integer times 
that of the radius of the electron without an absorbed photon. 
The solutions are analogous to the solutions of lower-energy 
states of hydrogen called hydrinos with principal energy 
levels given by Eqs. (69)-(70) and radii given by a H /p 
where a H is the radius of the hydrogen atoms and p is an 
integer. 

For the electron of the hydrogen atom which comprises 
a dynamic spherical resonator cavity, the relationship be- 
tween an allowed radius and the "photon standing wave" 
wavelength is 

2nr = nX (73) 

where n is an integer. Now, the question arises: given that 
this is a resonator cavity, which nonradiative states are pos- 
sible where the transition is effected by a "trapped photon"? 
For the electron orbitsphere, a spherical resonator cavity, 
the relationship between an allowed radius and the electron 
wavelength is 

2n(nn ) = 2nr„ - nk\ = k n (74) 
where 

«= 1,2,3,4,..., 



n — 



~ where p is an integer, 



" 2> 3» 4» 

Ai is the allowed wavelength for n = 1, 
n is the allowed radius for n - 1. 

The nonradiative boundary condition from Haus [18] and 
the relationship between the electron and the photon give 
the "allowed" hydrogen energy states which are quantized 



as a function of the parameter n. That is the nonradiative 
boundary condition and the relationship between an allowed 
radius and the photon standing wave wavelength Eq. (73) 
gives rise to Eq. (74), the boundary condition for allowed 
radii and allowed electron wavelengths as a function of the 
parameter n. Each value of n corresponds to an allowed tran- 
sition effected by a resonant photon which excites the tran- 
sition in the orbitsphere resonator cavity. In addition to the 
traditional integer values ( 1 , 2, 3, . . . , ) of n y values of frac- 
tions are allowed according to Eq. (74) which correspond 
to transitions with an increase in the central field (charge) 
and decrease in the radius of the orbitsphere. This occurs, 
for example, when the orbitsphere transfers energy nonra- 
diatively to a catalyst which resonantly accepts the energy. 
The electron undergoes a transition to a lower energy non- 
radiative state. The "Excited states of the one electron atom 
(quantization)" section of Mills [2] gives the solutions of 
the excited states of atomic hydrogen and the "Blacklight 
process" section gives the solutions of lower-energy states. 

The photon equation must be a solution of Laplace's equa- 
tion in spherical coordinates. The "trapped photon" field 
comprises an electric field which provides force balance and 
a nonradiative orbitsphere. The solution to this boundary 
value problem of the radial photon electric field of hydrogen 
states is given by 



Er. 



= e(/ia H / 1 



+Re{/7(^0)[l+e /a '"']}]J 
(o„-0 for m = 0 



(75) 



✓ =1,2,...,*- 1, 

»* = -^,-V+ !,..., 0,. ..,+✓. 

And, the quantum numbers of the electron are n y £, m,, 
and m s = ±1/2 are the same as the corresponding quantum 
numbers for excited states. E, totol is the sum of the "trapped 
photon" and proton electric fields, 
e(na H y I 



F - g 



4neo ^ /+2 > 



[I+e"* 1 ]}] 



a) n = 0 for m — 0. 



(76) 



(77) 



For r = nan and m = 0, the total radial electric field is 

tmi n4nso(na H ) 2 ' 
In Eqs. (75 )-(77), the excited states of hydrogen correspond 
to n = 1,2,3,4,... , and the hydrino states correspond to 
n= 5> W» • • • » » where p is an integer. 

The "trapped photon" is a "standing electromagnetic 
wave" which actually is a circulating wave that propagates 
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along with each great circle current loop of the electron 
orbitsphere. The time-function factor, k(t), for the "stand- 
ing wave" is identical to the time-function factor of the 
orbitsphere in order to satisfy the boundary (phase) condi- 
tion at the orbitsphere surface. Thus, the angular frequency 
of the "trapped photon" has to be identical to the angular 
frequency of the electron orbitsphere, a)„. Furthermore, 
the phase condition requires that the angular functions of 
the "trapped photon" have to be identical to the spherical 
harmonic angular functions of the electron orbitsphere. 
Combining k(t) with the ^-function factor of the spheri- 
cal harmonic gives e iW ~ aV> for both the electron and the 
"trapped photon" function. The photon is "glued" to the 
inner orbitsphere surface and the outer nuclear surface as 
photon source charge density with a radial electric field. 
The angular functions in phase with the corresponding 
photon functions are given by Eqs. (52) and (53). 

The solution of the "trapped photon" field of electrons in 
helium is analogous to those for hydrinos except that the 
-Y§{9, 0) term is not present since the central field of the 
proton is absent and the nature of the field at the origin is 
equivalent to the solution of the Poisson equation with a 
delta function inhomogeneity at the origin [9, pp. 110-1 13]. 



n nJ,m 



e{nai 1 



4neo r<' +2 > 



[>?<M) 



+Re{y / " , (^0)[l+e i ^]}]] 
o) n = 0 for m — 0, 



(78) 



n- 1,5,3,4, 



1 



t= 1,2,...,*- 1, 

m = + 1,...,0,...,+(T. 

In Eq. (78), a is the radius of the electron in helium without 
an absorbed photon. C is a constant expressed in terms of 
an equivalent central charge. It is determined by the force 
balance between the centrifugal force of the electron orbit- 
sphere and the radial force provided by the pressure from 
the van der Waals force of attraction between helium atoms 
given infra. 

2.8. Stability of "ground", hydrino, and helium states 

For the below "ground" (fractional quantum) energy 
states of the hydrogen atom, crphoton > the two-dimensional 
surface charge due to the "trapped photon" at the electron 
orbitsphere, is given by Eqs. (5.13) and (2.1 1 ) of Mills [2]. 



0" photon — 



n 



+ R e {Y / m (9,<t>)[\+ e " u - , )}]]S{ 

- I I 
" _ '2'3'4' -" - 



(79) 



And, electron, the two-dimensional surface charge of the elec- 
tron orbitsphere is 
—e 



^electron — 



■[tf(M) 



+Re{/> /n (0,tfOP +e iaV ]}]<5(r-r„). 



(80) 



The superposition of cr photon (Eq. (79)) and a etecm)n , 
(Eq. (80)) where the spherical harmonic functions satisfy 
the conditions given in the "Angular Function" section of 
Mills [2] is a radial electric monopole represented by a delta 
function. 



^photon + ^electron — 



Iy 0 ^)+(i + I) 



ReyA^^Xl+e^jl^r-^), 



111 

* =1 '2'3'5' 



(80 



As given in the "Spacetime Fourier transform of the electron 
function" section of Mills [2], the radial delta function does 
not possess spacetime Fourier components synchronous with 
waves traveling at the speed of light (Eqs. (54)-(56)). Thus, 
the below "ground" (fractional quantum) energy states of 
the hydrogen atom are stable. The "ground" («= 1 quantum) 
energy state is just the first of the nonradiative states of the 
hydrogen atom; thus, it is the state to which excited states 
decay. 

The speed of light in vacuum c is given by- 



c = l/V/4>£o, 



(82) 



where /io is the permeability of free-space and 60 is the 
permittivity of free-space. The wave number is given by 

In t 



(83) 



The speed of light in a medium such as superfluid helium v 
is given by 

i>=l/Vm (84) 

where /io is the permeability of free space and e is the per- 
mittivity of the medium. The wave number is given by 



*mediiiJn = ^ = Wy/J^- 



(85) 



The ratio of the wave number in vacuum and the wave 
number in superfluid helium is given by 



(86) 



The frequency of the photon in free space and in helium at 
the electron must be the same. Thus, 

^helium = ^vacuum ■ (87) 

Since e > so> the wave number in helium is greater than the 
wave number in vacuum. Thus, a photon traveling in liquid 
helium may excite a mode in an electron bubble which is 
nonradiative. In this case, spacetime harmonics of a) n /c = k 



1076 



R.L. Mills! International Journal of Hydrogen Energy 26 (2001 ) 1059-1096 



or ((o n /c)y/z/eo = k for which the Fourier transform of the 
current-density function is nonzero do not exist. Radiation 
due to charge motion does not occur in any medium when 
this boundary condition is met. 

The viscosity of superfluid helium is a function of tem- 
perature. The observation of the temperature dependence of 
photon absorption by electrons in superfluid helium to give 
rise to an increase in conductivity may be explained on this 
basis. That is, at 1.7 K, the viscosity is sufficiently close 
to zero such that the angular current of the electron may 
propagate without energy loss. Roton scattering dominates 
over phonon scattering at this temperature and below [59]. 
In this case, resonant absorption may occur between sta- 
ble nonradiative states; wherein the forces are central. The 
two-dimensional surface charge due to the "trapped photon" 
at the electron orbitsphere of an electron in helium has the 
same form as that given by Eq. (81 ). Thus, the states of pho- 
tons absorbed by electrons in helium are stable under these 
conditions. 

2.9. Conservation of angular momentum 

The field is time harmonic which is satisfied by the fields 
spinning around the z-axis at frequency a>„ in phase with the 
electron. The relationship between the electric field equation 
and the "trapped photon" source charge density function is 
given by Maxwell's equation in two dimensions. 



n»(Ei - E 2 ) = a/eo, 



(88) 



where n is the radial normal unit vector, Ei = 0 (Ei is the 
electric field outside of the orbitsphere), E2 is given by the 
total electric field at r„=/iaH, and a is the surface charge den- 
sity. In order that the radial electric field is always positive 
and the surface charge density is always negative, a constant 
function adds to a spherical harmonic function; thus, the 
spherical harmonic function modulates the constant func- 
tion. The surface charge density has a phase matched pat- 
tern. This provides a central force to balance the centrifugal 
force of the electron. The magnitude of the radial electric 
field is that which satisfies the boundary condition of force 
balance at the allowed radii of electron states. 

The time harmonic condition is satisfied by the rotation 
of the fields in phase with the source currents. The spinning 
field and the corresponding source current at the electron 
orbitsphere conserves the angular momentum of the photon. 
The time-averaged angular-momentum density, m, of the 
emitted photon is given by Eq. (16.61) of Jackson [9, pp. 
739-779] 

1 Re[rx(ExB*)J. (89) 



m 



8* 



The ratio of the square of the angular momentum, A/ 2 , to 
the square of the energy, U 2 , for a pure (l,m) multipole [9, 
pp. 739-779] is 



Experimentally, the photon can carry ±h units of angular 
momentum. Thus, during excitation the spin, orbital, or total 
angular momentum of the orbitsphere can change by zero or 
±h. The electron transition rules arise from conservation of 
angular momentum. The selection rules for multipole transi- 
tions between quantum states arise from conservation of to- 
tal angular momentum and component angular momentum 
where the photon carries h of angular momentum. The radi- 
ation of a multipole of order (/, m) carries mh units of the z 
component of angular momentum per photon of energy ha). 
Consider the angular frequency of the electron orbit- 
sphere. Given time harmonic motion and a radial delta 
function, the relationship between an allowed radius and 
the electron wavelength is given by Eq. (74). Using the de 
Broglie relationship for the electron momentum where the 
coordinates are spherical, 



K = h/p n = h/m e v„ 



(91) 



and the magnitude of the velocity for every point on the 
orbitsphere is 

v„ = h/m e r n . (92) 
The corresponding angular frequencies are related to r„ by 
v n = r„w„. (93) 
Thus, 



(o n = h/m e r 2 n . 



(94) 



The sum of the L,-, the magnitude of the angular momentum 
of each infinitesimal point of the orbitsphere of mass w„ 
must be constant. The constant is h. 

h 



m e r n 



(95) 



where the velocity is given by Eq. (92). The vector pro- 
jections of the orbitsphere spin angular momentum relative 
to the Cartesian coordinates are given in the "Spin angular 
momentum of the Orbitsphere with / = 0" section of Mills 
[2]. The result is that the electron possesses a projection 

of the angular momentum onto an axis S of ±\J\h which 
precesses about the axis of an applied magnetic field at the 
Larmor frequency. 

2. 10. Photon absorption 

In order that the excitation can occur, the correspondence 
principle holds such that the frequency of the photon that is 
absorbed is equal to the change in angular frequency of the 
electron. The energy of the photon which excites a mode 
in a stationary spherical resonator cavity from radius aw to 
radius na» is 



(96) 



M 2 /U 2 =m 2 /co 2 . 



(90) 



^photon = ~T~ 1 ~ -7 = /IV = 

47te 0 flH I n 2 \ 

where n = integer. After multiplying Eq. (96) by an/an ~ 
4neoh 2 /e 2 fi z an y where a» is the radius of the hydrogen atom, 
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CUphoton IS 
Ctfphoton ~ 



i e al [ n 2 



In the case of an electron orbitsphere, the resonator possesses 
kinetic energy before and after the excitation. The kinetic 
energy is always one-half of the potential energy because 
the centripetal force is an inverse squared central force. As a 
result, the energy and angular frequency to excite an electron 
orbitsphere is only one-half of the values above, Eqs. (96) 
and (97). From Eq. (94), the angular velocity of an electron 
orbitsphere of radius nan is 

The change in angular velocity of the orbitsphere for an 
excitation from n = 1 to n = n is 



the absorption of a photon by an electron bubble or orbit- 
sphere in superfluid helium provides a natural explanation 
(91) for the majority of the photo-conductivity results. 

The photon absorption is determined by the correspon- 
dence principle. Thus, the radius of the electron follow- 
ing the absorption of a resonant photon is given by n = 
(1 /integer) times that of the original radius. 

r = nr u (101) 



Aa> = 



m t (aw f m<(nan ¥ m e (aw f 



(99) 



The kinetic energy change of the transition is 



1 



V(At>) 2 = ^ A 
2 2 47reoflH 



MB- 



(100) 



The change in angular velocity of the electron orbitsphere, 
Eq. (99), is identical to the angular velocity of the photon 
necessary for the excitation, a>photon (Eq. (97)). The energy 
of the photon necessary to excite the equivalent transition 
in an atomic hydrogen electron orbitsphere is one-half of 
the excitation energy of the stationary cavity because the 
change in kinetic energy of the electron orbitsphere sup- 
plies one-half of the necessary eneTgy. The change in the 
angular frequency of the orbitsphere during a transition and 
the angular frequency of the photon corresponding to the 
superposition of the free space photon and the photon cor- 
responding to the kinetic energy change of the orbitsphere 
during a transition are equivalent. The correspondence prin- 
ciple holds. It can be demonstrated that the resonance con- 
dition between these frequencies is to be satisfied in order 
to have a net change of the energy field [60]. 



3. Superfluid helium ion mobility results and discussion 

Experiments to study the effect of light on ion mobility 
have been conducted by Northby and Sanders [61 ,62], Zipfel 
and Sanders [63,64], and Grimes and Adams [65,66]. For ex- 
ample, in the Northby and Sanders experiments [61,62], ions 
were introduced into the liquid from a radioactive source, 
and had to pass through two grids in order to reach the de- 
tector. The voltages on the grids were varied in time in a 
way such that normal negative ions could not reach the de- 
tector. It was found that when the liquid was illuminated, a 
small ion current reached the detector. Thus, they observed 
an increase in ion mobility under illumination, but recog- 
nized that the origin of the effect was unclear. It appears that 



where n = 1/integer and n is the radius of the electron in 
superfluid helium which has not absorbed a photon. This 
radius is determined by a force balance between the van der 
Waals pressure (force per unit area) of superfluid helium 
and the centrifugal force of the electron. The latter is given 
by 



(102) 



* centrifugal — r ^ ' 

where m e /47trj is the mass density of the orbitsphere and vi 
is given by Eq. (92). The radius n can be determined from 
the photo-conductivity experiments of Zipfel and Sanders 
[64]. At zero pressure a photo-conductivity peak was ob- 
served at approximately 0.5 eV. From Eq. (97), the change 
in the frequency of the electron which matches frequency 
of the exciting photon is given by 



Wphoton 



= JU±_ 

m e r\ [n 2 

where n = 1/integer. The radius n is given by 



(103) 



(104) 



*ft>photon n 

The relationship between energy and angular frequency of 
a photon is given by Planck's equation. ^ 

£ = \ "(»05) 

The angular frequency corresponding to a photon of 0.5 eV 



COphoton — 



8.0 x 10" 20 J 



= 7.6 x 10 14 rad/s. 



(106) 



In the case that 0.5 eV is the lowest energy transition for an 
electron in superfluid helium, the n = 1 — ► n = \ transition 
corresponds to n = \ in Eq. (103). From Eqs. (103) and 
(106), the radius n is 



r\ - , 



^ m e (7.6x 10 14 rad/s) 



= 6.7 x 10"'°m = 6.7 A 



OH 



(107) 

where n — \ . Comparing the case of the electron of a hy- 
drogen atom to the case of an electron in helium, no initial 
central Coulomb field due to a proton is present, and the 
electron increases in kinetic energy upon photon absorption. 
Thus, the energy required to cause a transition in the latter 
case is twice that of the former. The photon stores energy 
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in the electric field of the resonator mode and increases the 
potential energy of the electron. The potential is the sum of 
the binding energy and the kinetic energy. The correspond- 
ing photon wavelength that will be absorbed by the electron 
is 2.5 urn. 

The radius calculated in Eq. (107), is an approximation 
since the energy due to the pressure volume work and the 
surface energy change of the bubble were neglected. The 
former is given by 



(108) 



where P is the applied pressure, the integral is over the 
volume of the bubble, and n and r n are the initial and final 
radii of the electron bubble. The latter is given by 

a J dA = 4n(r 2 -r 2 n )a y (109) 

where a is the surface energy of helium per unit area, the 
integral is over the surface of the bubble, and n and r„ are 
the initial and final radii of the electron bubble. 

The contribution of these terms can be estimated by com- 
paring the next experimental photo-conductivity peak at 
higher energy compared to the prediction given by Eqs. 
(103) and (105). Northby and Sanders [61,62] found that 
in the range of 0.7 to 3 eV the photo-induced current had a 
peak when the photon energy was 1 .2 1 eV at zero pressure. 
Zipfel and Sanders [63,64] confirmed the peak at 1.21 eV. 
In experiments similar to those of Northby and Sanders 
[61,62], Zipfel and Sanders [63,64] made measurements 
of the photo-conductivity as a function of pressure up to 
16 bar. The photo-conductivity peak detected by Northby 
and Sanders [61,62] was found to shift to higher photon en- 
ergies as the pressure increased. This is expected since the 
radius of the normal electron decreases and the correspond- 
ing initial angular frequency increases with increasing pres- 
sure. Thus, the transition angular frequencies and energies 
increase (Eq. (103)). 

The next higher energy transition for an electron in su- 
perfluid helium is n - 1 ->n=|. The transition energy cor- 
responds to n = \ in Eqs. (103) and (105). The calculated 
energy neglecting the energy due to the pressure volume 
work and the surface energy change of the bubble is 

h 2 



E — TtCOphoton = 



m € r\ 



1 

a? 



- 1 



me(6.7 x lO-'Om) 2 



- 1 



= 1.3 eV, 



(HO) 



where n is given by Eq. (107). Given the experimental 
uncertainty of the energy of the lowest energy transition, 
1.21 eV, this result confirms that the contributions due to 
pressure volume work and the surface energy change of the 
bubble may be neglected. 

In the experiments of Northby and Sanders [61 ,62], Zipfel 
and Sanders [63,64], and Grimes and Adams [65,65], it was 
noted that the photo-conductivity effect was absent above 



a critical temperature. This temperature was approximately 
1 .7 K at zero pressure, and decreased to 1 .2 K at 20 bar. 
Roton scattering dominates over phonon scattering at 1 .7 K 
and below [59]. The photo-conductivity signal disappears 
because of phonon excitation of the bubble motion which 
causes the excited electron state to decay. As the pressure 
is increased, the roton energy gap goes down, and so the 
phonon scattering increases. Thus, it is to be expected that 
the critical temperature decreases with increasing pressure. 

Each stable excited state electron bubble which has a ra- 
dius of n /integer may migrate in an applied electric field. 
The bubble may be scattered by rotons, phonons, and He 3 
impurities. At temperatures less that 1.7 K, roton scattering 
dominates [59]. An equation for the electron bubble mobility 
is derived by Baym et al. [67] in terms of the roton-bubble 
momentum transfer cross section by calculating the rate of 
roton-bubble momentum transfer using a statistical mechan- 
ical approach. In the case of an elementary excitation k scat- 
tered by the bubble with a differential cross section o(k, 0) 
and obeying \k'\ = their result may be written 

where /i is the bubble mobility, n is the distribution function 
of the excitation, v g (k) is the group velocity of the excitation, 
and (Tr(k) is the momentum-transfer cross section defined 
by 



-/«,- 



COS0)<7(*,0)dG. 



(112) 



Schwarz and Stark [59] made the reasonable assumption that 
or(k) is a weak function of k — ko. Because of the strong 
minimum at ko = 1.91 A - ' in the roton energy spectrum, 
Eq. ( 1 1 1 ) then gives to a good approximation v . 



hk*o T {ko) 
3.38 x 10~ 25 m 4 V' 1 s~ 



- exp(8.65 K/T) 



(113) 



where A/k B — 8.65 ± 0.04 K is the roton energy gap derived 
from neutron scattering [68]. Schwarz and Stark [59] pro- 
pose that the roton de Broglie wavelength corresponding to 
ko = 1.91 A " 1 is Xo = 3.3 which is small compared with 
y/<?T(ko)/n; thus, the collision cross section may be nearly 
geometrical. Although the roton carries a great deal of en- 
ergy and momentum, its effective mass is much less than 
that of the ion. Assume that the scattering is elastic, then 
\k'\ = \k\ is satisfied. They conclude a hard-sphere cross 
section given by 

o T {ko)^ii(a + + a r ) 2 (1 14) 

where a+ is the radius of the ion and a T is the effective 
collision radius of the roton. Using experimental values for 
a+ and ar(*), they find that 

a, = 3.7 ±0.2 A. (115) 
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They surmise from this that the roton is localized within a 
region of radius « 3.7 - 4.0 A, and that it interacts strongly 
with any disturbance which penetrates this region. They 
point out that « 3.7 - 4.0 A is only slightly larger than the 
nearest neighbor distance in liquid helium [69] and that a 
roton may thus be pictured as a highly correlated motion of 
an energetic He 4 atom and its nearest neighbors only. 

The geometric cross section of the normal electron bubble 
er e is given as 

<j t = nr] (116) 

where n is the radius of the unexcited electron bubble given 
by Eq. (107). From Eq. (107) and Eqs. (113)-(116), the 
mobility of the normal electron bubble is given by 

* = * t4.fr 6 — ^ exp(d/* B r) 



hk*n(a f + nY 



3.38 x 10" 25 m 4 /Vs 



7i(3.7 x 10-'°m + 6.7 x lQ-^m) 2 



exp(8.65 K/T) 



(117) 

At 1 K, Eq. (1 17) gives fi = 5.7 cm 2 /V s for the mobility of 
the normal electron bubble (n = 1 ) which is in reasonable 
agreement with the experimental value of 5 cm 2 /V s from 
Fig. 6. 

The normal electron bubble has a uniform constant spher- 
ical charge density. This charge density may be modulated 
by a time and spherically harmonic function as given by 
Eq. (53). 1 In the case of excited state electron bubbles, the 
contribution to the roton scattering cross section given by 
Eq. (112) is larger than the geometric cross section, given 
in Eq. (116) where the radius is given by Eq. (101). In 
this case, or{k) given by Eq. (112) follows the derivation 
of Baym et al. [67] where the spherical harmonic angular 



1 It is interesting to consider that the solutions for the full angular 
part of the Schrodinger equation (Eq. (4)) t Yt m {Q,<p), are also the 
spherical harmonics. McQuarrie [8, pp. 206-221] shows that the 
Schrodinger equation for the rigid rotor is 



HY?'(9,<f>) = 



+ 1) 

27 



(127) 



and that H and I differ only by the factor 21 for a rigid rotor. So, 
Eq. (127) is equivalent to 

L 2 Y?'(e t $) = h 2 W+\)Y?'{0,ifr). (128) 

Thus, we see that the spherical harmonics are also eigenfunctions 
of £ 2 and that the square of the angular momentum can have values 
given by 

L 2 = h 2 t{t+\) <r = 0,l,2,3,... . (129) 

The flaw with this result with regard to the hydrogen atom is 
given in the "Schrodinger Theory of the Hydrogen Atom" section. 
In the case of the electron in helium, the moment of inertia in 
Eq. (127) decreases with increasing energy states as the corre- 
sponding C quantum number increases. The Schrodinger equation 
is flawed based on the prediction of infinite rotational energy for 
an electron in superfluid helium. 



function causes a gain in the scattering cross section that 
may be modeled after that of a Hertzian dipole antenna. 
The radiation power pattern of a Hertzian dipole is given by 
Kong [70]. The radiation power pattern is 

(S) = iRe[ExH] = r^^£)sin^ (118) 

where / is the current, Az is the length of the dipole, and n 
is the impedance of free space. The antenna directive gain 
D(0, <f>) is defined as the radiation of the Poynting power 
density (S r ) over the power P y divided by the area of the 
sphere: 



{Sr) 

P/4nr 2 



Ism 2 0. 
2 



(119) 



The plot of D{9, <p) given by Eq. (119) is known as the gain 
pattern. The directivity of an antenna is defined as the value 
of the gain in the direction of its maximum value. For the 
Hertzian dipole the maximum of 1 .5 occurs at 0= tt/2. Thus, 
the directivity of a Hertzian dipole is 1 .5. 
The spherical harmonic angular functions are 



v tQA\ / (2/+ l)(/-m)! 
YU °> *> = V 4i«/ + m)! 17(008 ° )e 

= M /fm ,P7(cos9)j m + 



where N/^, is the normalization constant given by 



to.*, = 



(2/+ !)(/-*)! 
4n(l + m)\ ' 



(120) 



(121) 



In the case of excited states, <r(*, 6) of Eq. ( 1 12) is 



<x(*,0) = *~ 



/Fgfoosfly^dfl 



(122) 



For excited states, the geometric cross section of the electron 
bubble <r e is then given as 



a t — nnr n j %mf 
where 

r nt /,m, = -7T — nr x . 



(123) 



(124) 



n is the radius of the unexcited electron bubble given by 
Eq. (107) and n — I /integer. The angular parameters 
N/ tm/ /No,o are given with the first few spherical harmonics 
in Table 1. In this case, a T (k) is given by Eq. (1 12) where 
n is replaced by r n y, m/ (Eq. (124)). The roton scattering 
cross section given by the hard-sphere cross section is then 



(125) 



where a r is the effective collision radius of the roton given by 
Eq. (1 15). From Eqs. (1 17), (124) and (125), the mobilities 
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Table 1 

The first few spherical harmonics and N/^/Nqj of Eq. (121 ) as 
a function of and m/ 



Spherical harmonics 








771/ 


'V.m, 1^0,0 


y[> = (£)'/* cos 0 , 


0 
0 


1 


r,' =<&)»/* sin 0e* 1 


1 


fi. 


Y~ l =(^)'^sin^e-^ 1 


-1 


vT 


r? = (£- n y /2 (lcos 2 0-\) 2 


0 




X 1 — ( — V 2 fsin0cos0e'*> 2 


] 


V 2 


Y 2 = (^J) ' (sm0cos0e v ) 2 


-1 


/is 


y2 _ / 15 \I/2 C :_2 n_2i0 -y 
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VT 


\t — 2 / 15 \l/5 * In — Heh -\ 

X 2 * = (j^)' sm'ye ^ 2 
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VT 


of electron bubbles are given by 












3.38 x 10- 25 m 4 /Vs 






tt(3.7 x !0-% + fl^6.7x 10" 


•'Om) 2 




exp(8.65 K/T) 




(126) 



where /i = 1 /integer. The mobility of an excited state elec- 
. tron bubble having a fractional principal quantum number 
(n = 1 /integer) relative to the normal electron bubble as a 
function of quantum numbers n, and m/ is given in Table 
2. A plot of Eq. ( 1 26) normalized to the mobility of the nor- 
mal bubble as a function of p corresponding to fractional 
principal quantum number n — 1 /integer = \/p for given ^, 
and m/ quantum numbers appears in Fig. 5. 



Using time of flight, Doake and Gribbon [71] detected neg- 
atively charged ions that had a mobility substantially higher 
than the normal electron bubble negative ion. This ion, 
which has become known as the "fast ion", was next seen 
in another time-of-flight experiment by Ihas and Sanders in 
1971 [72]. They showed that the fast ion could be produced 
by an a or f$ source, or by an electrical discharge in the 
helium vapor above the liquid. In addition, they reported 
the. existence of two additional negative carriers, referred 
to as "exotic ions", that had mobilities larger than the mo- 
bility of the normal negative ion, but less than the mobility 
of the fast ion. These exotic ions were detected only when 
there was an electrical discharge above the liquid surface. 
In a paper the following year [73], lhas and Sanders (IS) 
reported on further experiments in which at least 1 3 carriers 
with different mobilities were detected. The experimental 
details are described in the thesis of Ihas [74]. Eden and 
McClintock (EM) [75,76] also detected as many as 13 ions 
with different mobilities. Both IS and EM put forward a 
number of proposals to explain the exotic ions, but all of 
these proposals were shown to be unsatisfactory by Maris 
[1]. It is significant that the exotic ions appear only when an 
electrical discharge takes place close to the free surface of 
the liquid. Under these conditions, the electrons that enter 
the liquid and form bubbles may absorb light emitted from 
the discharge. Thus, it is natural to consider the possibility 
that the exotic ions are electron bubbles in fractional energy 
states. 

The mobility of several electron bubbles in superfluid he- 
lium plotted versus the inverse of the temperature is shown 
in Fig. 6. The temperature dependence of the mobility pre- 
dicted by Eq. (126) is in good agreement with the data of 
Ihas [74] and the plots of Maris [1]. The ion assignments 
given in Fig. 6 are based on their mobilities relative to tmr 
normal ion as given in Table 3. 



Table 2 

The mobility of an excited state electron bubble having a fraction principal quantum number (n = 1/integer) relative to the normal electron 
bubble as a function of quantum numbers nj, and m/ given by Eq. (126). The peaks that appear in Fig. 7 and Table 3 are indicated 
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Fig. 5. The mobility (Eq. (126)) of an excited state electron bubble having a fraction principal quantum number {n = I /integer =!//?) 
relative to the normal electron bubble as a function of p for given and m/ quantum numbers. 
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Fig. 6. The mobility from the data of Ihas [1 ,74] of electron bubbles 
in superfluid helium plotted versus the inverse of the temperature. 
Solid triangles are for the normal electron bubble, open squares, 
circles, triangles and solid circles are for the four ions of the same 
peak assigned in Fig. 7 and Table 3. 



Following a pulse discharge with an electric field applied to 
superfluid helium, Ihas [74] recorded ion peaks using time 
of flight. Fifteen ion peaks recorded by Ihas and Sanders 
are identified in Fig. 7. The mobilities relative to the nor- 
mal electron bubble (n = 1) are given in Table 3. The as- 
signments of the mobilities of excited state electron bubbles 
having fraction principal quantum number (n = I /integer) 
relative to the normal electron bubble as a function of quan- 
tum numbers n, and m/ is also given in Table 3 based 
on the theoretical valves given in Table 2. The agreement 
between theory and experiment is excellent. 

Peaks 14-15 of Fig. 7 and Table 3 represent a band with 
a cutoff at a migration velocity of about 7.5 times the ve- 
locity of the normal ion as n ~ 1 /integer approaches zero 
(n = 1/100 was used to calculate this limiting case). The 
electron radius is predicted to decrease such that the effec- 
tive collision radius of the roton determines the maximum 
mobility as given by Eq. (126). The theoretically predicted 
maximum of electron bubble mobility of about seven times 
that of the normal ion is confirmed by the Ihas data [74] 
where the band comprising peaks 14-15 correspond to n ^ 
f Furthermore, Eden and McClintock [75] and Doake and 
Gribbon [71] measured the drift velocity as a function of ap- 
plied electric field. The fast ion showed a slope of the drift 
velocity versus applied electric field of about seven times 
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Table 3 

The migration times and experimental mobilities of the 15 ion peaks shown in Fig. 7 relative to the normal ion with their assignments to 
excited state electron bubbles with quantum numbers n y S y and and theoretical mobilities given in Table 2 



Peak # Migration time Mobility relative to Theoretical mobility relative to Assignment nj y and m g 
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Fig. 7. Data trace from Ihas [74] showing the detected ion signal as 
a function of time. N and F denote the normal and fast ion peaks. 
The peaks labeled 1-15 are assigned in Table 3. For a description 
of experimental condition see Ihas [74]. 

that of the normal ion. Thus, these results agree with the 
data of Ihas and with theoretical predictions. 

The small deviation of the data from the theoretical in 
Table 3 may be due to differences in ion production rates 
and mechanisms based on the spectrum of the arc. Transi- 
tions between states may also be a peak broadening factor 
wherein a peak undergoes a transition to a faster or slower 
state during migration. This may provide an explanation for 
the large peak width of peak #4 of Fig. 7 as well as the 
broad continuum background in this region. Scattering other 
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Fig. 8. Data traces from Eden and McClintock [75] of the current 
at the collector of the velocity spectrometer (arbitrary units) as a 
function of the elapsed time / after a pulse was applied to release 
exotic ions. Signals are shown for a range of strong electric fields 
as indicated in units of 10 5 V/m by the number above each trace. 
The steep rise on the right-hand sides of the signals indicates the 
arrival of the normal ion current. For a description of experimental 
condition see Eden and McClintock [75]. 

than roton scattering may also be involved, and these mech- 
anisms such as phonon scattering and inter-bubble "impu- 
rity" scattering would effect larger ions more than smaller 
ions due to their larger geometric cross section. A preferred 
method to determine the migration times of each electron 
bubble (n= 1/integer) is to cause the formation of each spe- 
cific state with resonant radiation (Eq. (103) and Eq. (105)) 



R.L. Mills I International Journal of Hydrogen Energy 26 (2001) 1059-1096 



1083 




Fig. 9. The limiting electron bubble velocities shown in the data traces of Fig. 8 relative to the normal electron bubble as a function of p 
corresponding to principal quantum number n ~ 1 /integer - \/p where £ = 0, and m f = 0. 



and to measure the migration time of each ion separately 
relative to the n = 1 bubble. 

Using a time-of-flight method, Doake and Gribbon [71] 
discovered that a fast ion can exist in superfluid helium 
which unlike the normal ion may be accelerated to the 
Landau critical velocity vt for roton creation without under- 
going metamorphosis to a charged vortex ring, even under 
the saturated vapor pressure. As a consequence, Eden and 
McClintock [75] studied the behavior of the exotic ions in 
strong electric field and reported evidence suggesting that 
intermediate mobility negative ions can nucleate quantized 
vortex rings in superfluid helium when subject to strong 
electric fields. Eden and McClintock observed that the drift 
velocity of intermediate ions may not be linear with electric 
field and that this effect varies with the particular interme- 
diate ion. Eden and McClintock [75] further observed a de- 
crease in drift velocities of intermediate ions with inter-ion 
variation for increasing sufficiently strong electric fields. 
They attributed this to the formation of negatively charged 
vortex rings. However, for an appropriate electric field, the 
drift velocity approaches a maximum independent of the 
field, and formation of charged vortex rings does not explain 
the field independence [75]. The limiting velocities shown 
in the data traces of Fig. 8 may be a function of the size of 
the ion for all intermediate ions. In this case, the limiting ve- 
locity data of Eden and McClintock [75] are plotted in Fig. 9 
with the mobility of the normal ion as a function of p corre- 
sponding to principal quantum number n = 1 /integer = \/p. 



The agreement between the experimental data and theoreti- 
cal mobilities is excellent. The existence of multiple peaks 
under the fast peak such as peaks #14 and #15 of Fig. 7 
is also supported by the data of Eden and McClintock [75] 
because the peak of highest mobility split into the two peaks 
shown in Fig. 8 at higher fields. >- 



4. Conclusion 

Recently, the behavior of free electrons in superfluid he- 
lium has again forced the issue of the meaning of the wave 
function. Electrons form bubbles in superfluid helium which 
reveal that the electron is real and that a physical inter- 
pretation of the wave function is necessary. Furthermore, 
when irradiated with low energy light, the electrons carry 
increased current at different rates as if they exist with at 
least 15 different sizes. Peaks are observed in the photo- 
conductivity absorption spectrum at 0.5 and 1.21 eV. A the- 
ory of classical quantum mechanics derived from first prin- 
ciples by Mills [2] gives closed form physical solutions for 
the electron in atoms, the free electron, and the free elec- 
tron in superfluid helium. The predicted photo-conductivity 
absorption spectrum and the mobilities of the 15 identified 
ions match the experimental results. The data support the 
existence of fractional principal quantum energy states of 
free electrons in superfluid helium predicted by Mills clas- 
sical theory. The results have implications that the concept 
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of probability waves of quantum mechanics must be aban- 
doned and atomic theory must be based in reality. 
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Appendix A. 

A J. Quantum electrodynamics is purely mathematical 
and has no basis in reality 

Quantum mechanics failed to predict the results of the 
Stern-Gerlach experiment which indicated the need for an 
additional quantum number. Quantum electrodynamics was 
proposed by Dirac in 1926 to provide a generalization of 
quantum mechanics for high energies in conformity with the 
theory of special relativity and to provide a consistent treat- 
ment of the interaction of matter with radiation. From Weis- 
skopf [18], "Dirac's quantum electrodynamics gave a more 
consistent derivation of the results of the correspondence 
principle, but it also brought about a number of new and seri- 
ous difficulties". Quantum electrodynamics: ( 1 ) does not ex- 
plain nonradiation of bound electrons; (2) contains an inter- 
nal inconsistency with special relativity regarding the clas- 
sical electron radius — the electron mass corresponding to its 
electric energy is infinite; (3) it admits solutions of negative 
rest mass and negative kinetic energy; (4) the interaction of 
the electron with the predicted zero-point field fluctuations 
leads to infinite kinetic energy and infinite electron mass; (5) 
Dirac used the unacceptable states of negative mass for the 
description of the vacuum; yet, infinities still arise. In 1947, 
contrary to Drac's predictions Lamb discovered a 1 000 MHz 
shift between the 2 Sip state and the 2 P|/2 state of the hydro- 
gen atom [1 13]. This so called Lamb shift marked the be- 
ginning of modern quantum electrodynamics. In the words 
of Dirac [77], "No progress was made for 20 years. Then a 
development came initiated by Lamb's discovery and expla- 
nation of the Lamb Shift, which fundamentally changed the 
character of theoretical physics. It involved setting up rules 
for discarding . . . infinities . . .". Renormalization is presently 
believed to be required of any fundamental theory of physics 
[78]. 

However, dissatisfaction with renormalization has been 
expressed at various times by many physicists including 
Dirac [79] who felt that, "This is just not sensible mathe- 
matics. Sensible mathematics involves neglecting a quantity 
when it rums out to be small — not neglecting it just because 
it is infinitely great and you do not want it!" 

Furthermore, Oskar Klein pointed out a glaring paradox 
implied by the Dirac equation which was never resolved 
[80]. "Electrons may penetrate an electrostatic barrier even 



when their kinetic energy, E - mc 2 is lower than the barrier. 
Since in Klein's example the barrier was infinitely broad 
this could not be associated with wave mechanical runnel 
effect. It is truly a paradox: Electrons too slow to surpass the 
potential, may still only be partially reflected. . . . Even for 
an infinitely high barrier, i.e. n = 1 and energies « 1 MeV 
(the reflection coefficient) R is less than 75%! From (2) and 
(3) it appears that as soon as the barrier is sufficiently high: 
V > 2mc 2 , electrons may transgress the repulsive wall — 
seemingly defying conservation of energy Nor is it pos- 
sible by way of the positive energy spectrum of the free 
electron to achieve complete Einstein causality". 

The Rutherford experiment demonstrated that even atoms 
are comprised of essentially empty space [81]. Zero-point 
field fluctuations, virtual particles, and states of negative en- 
ergy and mass invoked to describe the vacuum are nonsen- 
sical and have no basis in reality since they have never been 
observed experimentally and would correspond to an essen- 
tially infinite cosmological constant throughout the entire 
universe including regions of no mass. As given by Wal- 
drop [82], "What makes this problem into something more 
than metaphysics is that the cosmological constant is ob- 
servationally zero to a very high degree of accuracy. And 
yet, ordinary quantum field theory predicts that it ought to 
be enormous, about 120 orders of magnitude larger than the 
best observational limit. Moreover, this prediction is almost 
inescapable because it is a straightforward application of the 
uncertainty principle, which in this case states that every 
quantum field contains a certain, irreducible amount of en- 
ergy even in empty space. Electrons, photons, quarks — the 
quantum field of every particle contributes. And that energy 
is exactly equivalent to the kind of pressure described by the 
cosmological constant. The cosmological constant has ac- 
cordingly been an embarrassment and a frustration to every* 
physicist who has ever grappled with it". 

The spin of the electron and the Lamb shift are calculated 
from first principles in closed form by Mills [2]. The spin 
angular momentum results from the motion of negatively 
charged mass moving systematically, and the equation for 
angular momentum, r x p, can be applied directly to the 
wave function (a current density function) that describes the 
electron. The Lamb shift results from conservation of linear 
momentum of the photon. 

A.2. The postulate of quantum measurement is 
experimentally disproved 

Modem quantum mechanics has encountered several ob- 
stacles that have proved insurmountable as pointed out previ- 
ously in the "General considerations" section and the "Clas- 
sical electron radius" section of Mills [2]. And, quantum 
mechanics leads to certain philosophical interpretations [17, 
pp. 94-104] which are not sensible. Some conjure up mul- 
titudes of universes including "mind" universes; others 
require belief in a logic that allows two contradictory 
statements to be true. The question addressed is whether the 
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universe is determined or influenced by the possibility of 
our being conscious of it. 

The meaning of quantum mechanics is debated, but the 
Copenhagen interpretation is predominant. It asserts that 
"what we observe is all we can know; any speculation about 
what a photon, an atom or even a SQUID (Superconducting 
Quantum Interference Device) really is or what it is doing 
when we are not looking is just that speculation" [17, pp. 94 
-104]. According to this interpretation every observable ex- 
ists in a state of superposition of possible states, and observa- 
tion or the potential for knowledge causes the wave function 
corresponding to the possibilities to collapse into a definite. 
As shown by Piatt [83] in the case of the Stern-Gerlach ex- 
periment, "the postulate of quantum measurement [which] 
asserts that the process of measuring an observable forces the 
state vector of the system into an eigenvector of that observ- 
able, and the value measured will be the eigenvalue of that 
eigenvector**. 

According to the Zeno no-go theorem which is a conse- 
quence of the postulate of quantum measurement, obser- 
vation of an atom collapses its state into a definite; thus, 
transitions cannot occur under continuous observation. Re- 
cently, it has become possible to test this postulate via 
an experiment involving transitions of a single atom, and 
the results are inconsistent with the predictions. Quoting 
from the caption of Fig. 10 of the article, by Dehmelt 
[84], 

"Shelving" the Ba + optical electron in the metastable 
D level. Illuminating the ion with a laser tuned close 
to its resonance line produces strong resonance flu- 
orescence and an easily detectable photon count of 
1600 photons/s. When later an auxiliary weak Ba + 
spectral lamp is turned on, the ion is randomly trans- 
ported into the metastable D5/2 level for 30-s lifetime 
and becomes invisible. After dwelling in this shelv- 
ing level for 30 s on average, it drops down to the S 
ground state spontaneously and becomes visible again. 
This cycle repeats randomly. According to the Zeno 
no-go theorem, no quantum jumps should occur under 
continuous observation. 

In Scientific American [17, pp. 94-104] at "Superim- 
posed philosophers'* — "Pritchard says that physicists may 
one day be able to pass biologically significant molecules 
such as proteins or nucleic acids through an interferometer. 
In principle, one could even observe wave like behavior in a 
whole organism, such as an amoeba. There are some obsta- 
cles, though: the amoeba would have to travel very slowly, 
so slowly, in fact that it would take some three years to get 
through the interferometer, according to Pritchard. The ex- 
periment would also have to be conducted in an environment 
completely free of gravitation or other influences — that is, 
in outer space. 

Getting a slightly larger or more intelligent organism, for 
instance, a philosopher, to take two paths through a two-slit 
apparatus would be even trickier. "It would take longer than 
the age of the universe/* Pritchard says.**. 



This article is a good example of how far fetched QM has 
become (e.g. parallel mind universes). 

In addition to the interpretation that photons, electrons, 
neutrons, and even human beings [17, pp. 94-104] have no 
definite form until they are measured, a more disturbing in- 
terpretation of quantum mechanics is that a measurement of 
a quantum entity can instantaneously influence another light 
years away. Einstein argued that a probabilistic versus de- 
terministic nature of atomic particles leads to disagreement 
with special relativity. In fact, the nonlocality result of the 
Copenhagen interpretation violates causality. As a conse- 
quence of the indefinite nature of the universe according to 
quantum mechanics and the implied uncertainty principle, 
Einstein, Podolsky, and Rosen (EPR) in a classic paper [85] 
presented a paradox which led them to infer that quantum 
mechanics is not a complete theory. See the section entitled, 
"Heisenberg uncertainty principle predicts nonlocality, non- 
causality, spooky actions at a distance, and perpetual motion 
which can be shown to be experimentally incorrect*', 

Louis de Broglie, one of the founders of quantum mechan- 
ics, also condemned the probability wave approach. "But the 
causal link between two phenomenon implies the existence 
of a trajectory, and to deny this existence is to renounce 
causality and to deprive oneself of any understanding" [86]. 

A. J. Quantum mechanics based on the Schrddinger 
equation (SE) is an incomplete theory since At does not 
explain gravity or particle masses 

Quantum mechanics cannot explain the existence of par- 
ticles with precise masses and gives no basis of gravity. If 
fact, a straight forward application of the uncertainty prin- 
ciple predicts that particles of precise mass/energy cannot 
exist. These shortcomings are compounded by the.^redic- 
tion of zero-point field fluctuations, virtual particles, and 
states of negative energy and mass invoked to describe the 
vacuum. These consequences of the uncertainty principle 
are nonsensical and have no basis in reality since they have 
never been observed experimentally and would correspond 
to an essentially infinite cosmological constant throughout 
the entire universe including regions of no mass [87]. 

Mills [2] (Jerives a theory from first principles that 
gives closed form solutions based on general relativity and 
Maxwell's equations for particle masses. It gives gravitation 
from the atom to the cosmos. 

For any kind of wave advancing with limiting velocity and 
capable of transmitting signals, the equation of front prop- 
agation is the same as the equation for the front of a light 
wave. By applying this condition to electromagnetic and 
gravitational fields at particle production, the Schwarzschild 
metric (SM) is derived from the classical wave equation 
which modifies general relativity to include conservation of 
spacetime in addition to momentum and matter/energy. The 
result gives a natural relationship between Maxwell's equa- 
tions, special relativity, and general relativity. It gives grav- 
itation from the atom to the cosmos. The universe is time 



1086 



R.L. Mills I International Journal of Hydrogen Energy 26 (2001) 1059-1096 



harmonically oscillatory in matter energy and spacetime ex- 
pansion and contraction with a minimum radius that is the 
gravitational radius. In closed form equations with funda- 
mental constants only, CQM gives the deflection of light by 
stars, the precession of the perihelion of Mercury, the par- 
ticle masses, the Hubble constant, the age of the universe, 
the observed acceleration of the expansion, the power of the 
universe, the power spectrum of the universe, the microwave 
background temperature, the uniformity of the microwave 
background radiation, the microkelvin spatial variation of 
the microwave background radiation, the observed violation 
of the GZK cutoff, the mass density, the large-scale struc- 
ture of the universe, and the identity of dark matter which 
matches the criteria for the structure of galaxies. In a special 
case wherein the gravitational potential energy density of a 
blackhole equals that of the Plank mass, matter converts to 
energy and spacetime expands with the release of a gamma 
ray burst. The singularity in the SM is eliminated. 

A. 4. The wave function solutions of quantum mechanics as 
probability waves are inconsistent with probability theory 

Wavefunction solutions of the Schrodinger equation are 
interpreted as probability density functions. This interpreta- 
tion is fatally flawed since the use of "probability" in this 
instance does not conform to the mathematical rules and 
principles of probability theory. 

Schrodinger sought a physical interpretation of his equa- 
tion. He interpreted eW*(x)*P(x) as the charge-density or the 
amount of charge between x and x -f d:c ( *P* is the complex 
conjugate of X F). Presumably, then, he pictured the electron 
to be spread over large regions of space. Three years after 
Schrodinger's interpretation, Max Bom, who was working 
with scattering theory, found that this interpretation led to 
logical difficulties, and he replaced the Schrodinger interpre- 
tation with the probability of finding the electron between 
r, 9, 4> and r + dr, 0 + d0, <t> + d<p as 

J y(r,0,0)V(r,0,0)drd0d*. (A.l) 

Born's interpretation is generally accepted. The electron is 
viewed as a discrete particle that moves here and there (from 
r = 0 to r = oo ), and JP*P* gives the time average of this 
motion. 

Bonn's interpretation is generally accepted. Nonetheless, 
interpretation of the wave function is a never-ending source 
of confusion and conflict. Many scientists have solved this 
problem by conveniently adopting the Schrodinger interpre- 
tation for some problems and the Born interpretation for oth- 
ers. This duality allows the electron to be everywhere at one 
time — yet have no volume. Alternatively, the electron can 
be viewed as a discrete particle that moves here and there 
(from r = 0 to r = oo), and Vf* gives the time average of 
this motion. 

There is profound internal inconsistency in using prob- 
ability theory as the foundation of quantum theory. In the 



tradition of Einstein, a Gedanken experiment is proposed. 
At a given time, there exists an exact average of the amount 
of money in the wallets of the members of a given group 
such as the visitors to BLP's web site. So, I postulate some 
statistical test and sample 0 to all of the visitors. If I sam- 
ple all of the visitors, I would know the average exactly. 
If I sample less than all, I could apply statistics. Using the 
sampling data with the assumption of a statistical distribu- 
tion (e.g. normal distribution), I could perform a two-sided 
null test and determine the average within a confidence limit 
based on the statistical model. Probability theory permits 
statistical projections based on incomplete knowledge. But, 
according to the quantum mechanical definition of "proba- 
bility", before the sampling, the number is between negative 
infinity and positive infinity simultaneously, and the act of 
sampling creates the money in the wallets of the visitors. 
Another example is that the capture of the numbered balls 
by a lottery machine creates the numbers on lottery tickets. 

The basis of this paradox is that statistical theory is based 
on an existing deterministic reality with incomplete infor- 
mation; whereas, quantum measurement acts on a "proba- 
bility density function" to determine a reality that did not 
exist before the measurement. 

Consider the simplest of systems, the "ground state wave 
function of the hydrogen atom". The wave function ascribes 
the electron an infinite number of positions and energies si- 
multaneously including states with infinite negative kinetic 
energy and infinite positive potential energy. But, exper- 
iments are consistent with 13.6 eV of kinetic energy and 
27.2 eV of potential energy in every case. Atomic hydro- 
gen has been extensively studied. For example, hydrogen 
has long been the focus of combustion research involving 
kinetic and spectroscopic studies. Neutral scattering of hy- 
drogen atoms is always observed. How can the point elec* " 
tron have a statistical distribution of separate positions amf 
energies and still always give rise to neutral scattering? If 
position follows a probability density function, why do all 
of the positions give rise to the identical scattering behav- 
ior wherein the positions of the point particles (proton and 
electron of the incoming hydrogen atom and the point scat- 
tered electron) are random independent variables? How do 
all of the electric fields always identically cancel if positions 
are statistical? Even one neutral scattering event violates 
Chebyshev's inequality. 

It is also nonsense to interpret the "probability" ascribed 
by the wave function of the electron as equivalent to that of 
statistical thermodynamics. The latter corresponds to a clas- 
sical statistical distribution of particles such as photons or 
molecules over states such as energy states for a macroscopic 
system. It is nonsensical to assign a single particle (e.g. an 
electron) to a statistical distribution over many states. It is 
similarly nonsensical to associate a stable property such as 
a thermodynamic property to a single particle based on such 
statistics. 

Quantum mechanical textbooks express the movement of 
the electron, and the Heisenberg uncertainty principle is an 
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expression of the statistical aspects of this movement. Mc- 
Quarrie [8, backcover], gives the electron speed in the n = 1 
state of hydrogen as 2.18764 x 10 6 m/s. Remarkably, the un- 
certainty in the electron speed according to the uncertainty 
principle is 1.4 x 10 7 m/s [8, p. 38] which is an order of 
magnitude larger than the speed. With Penning traps, it is 
possible to measure transitions of electrons of single ions. 
This case can be experimentally distinguished from statis- 
tics over equivalent transitions in many ions. Whether many 
or one, the transition energies are always identical within 
the resonant line width. So, probability has no place in de- 
scribing atomic energy levels on this basis either. 

According to quantum mechanics, the existence of the 
electron in the nucleus is the basis of spin-nuclear coupling 
called Fermi contact interaction [88] where 47rr 2 W 2 dr is not 
zero since the W 2 is not zero and the nucleus is comprised of 
baryons. According to the standard model, baryons as op- 
posed to leptons have structure, contain more fundamental 
particles — namely quarks and gluons, and are not point par- 
ticles. For example, the proton has an experimentally mea- 
sured radius of r p = 1.3 x 10~ !5 m. The spin-nuclear cou- 
pling energy is of the order of 10" 24 J despite the infinite 
Coulombic energy of the electron when found in the nucleus 
(i.e. r — ► 0 in the Schrodinger equation). This consequence 
of quantum mechanics is further flawed since this state is ex- 
perimentally disproved. The nucleus does not contain elec- 
trons [81, p. 407]. Since the electron has no volume, based 
on this logic, the probability that an electron can capture a 
photon to form an excited state is zero. This internal incon- 
sistency based on the description of the electron as a point 
particle probability wave does not arise in Mills classical 
theory of quantum mechanics. The spin nuclear energies are 
calculated by Mills in closed form based on first principles 
without the requirement that the electron is in the nucleus 
[2, pp. 98-109] and are in close agreement with the experi- 
mental results. 

What does the wave function represent? It certainly does 
not represent the probability that a point particle will be 
found in a given region in space at any given instant of time 
if sampled. And, it has negative as well as positive values 
of probability which is nonsensical. This is circumvented by 
squaring it. But, why not take the root mean squared value 
or the magnitude? In the case of a wave such £ts. an acous- 
tic or electromagnetic wave, the energy or intensity is given 
as the square of the amplitude. But, when did it become 
correct that a probability density function (pdf) has an en- 
ergy or intensity? Quantum theory confuses the concepts of 
a wave and a pdf that are based on totally different math- 
ematical and physical principles. It is further meaningless 
to normalize such a function with the interpretation that the 
expectation value must be one. In addition, the postulates 
of the "probability" wave are internally inconsistent since 
negative probability density functions are often invoked to 
describe "antibonding orbitals" in molecules. It appears that 
the word "probability" as applied to quantum mechanics has 
nothing to do with classical probability theory. 



A. 5. The Schrodinger equation fails to explain scattering 
experiments 

Scattering experiments are not consistent with an uncer- 
tainty in the radial or angular position of the electron. The 
Schrodinger equation interpreted as a probability wave of 
a point particle cannot explain that the hydrogen atom is 
neutral. For example, it cannot explain neutral scattering of 
electrons or light from hydrogen. The point particles must 
align perfectly; otherwise Rutherford scattering would be 
observed. In this case, the uncertainty principle is violated. 
The Born interpretation can only be valid if the speed of the 
electron is equal to infinity. (The electron must be in all po- 
sitions weighted by the probability density function during 
the time of the scattering event). The correct aperture func- 
tion for the Born interpretation is a Dirac delta function hav- 
ing a Fourier transform of a constant divided by s 2 which is 
equivalent to the case of the point nucleus (the Rutherford 
equation). The Born interpretation must be rejected because 
the electron velocity cannot exceed the speed of light with- 
out violating special relativity. 

The elastic scattering of electrons from an atomic beam 
of helium atoms provides a test of the wave function solu- 
tions of the Schroinger equation. Mills [2, pp. 19-213] gives 
a closed form solution of the elastic scattering of 500 eV 
electrons from helium atoms as the Fraunhofer pattern in 
the far field. Mills gives a closed form equation of the free 
electron [2, pp. 1 10-120] and a closed form equation of the 
helium atom [2, pp. 176-191]. This is the case of Z = 2, 
in the closed form equation that Mills has solved for all 
two electron atoms. The calculation is a Fourier optics type 
which reduces to a spherical lens calculation. The math is 
well known. The resultant closed form equation has no ad- 
justable parameters. The predictions identically and -contin- 
uously match the experimental scattering data [89-91]. In 
the case of the quantum mechanical calculation, the calcu- 
lation is on a point-by-point basis without regard to internal 
consistency or physical laws. Furthermore, it is unstable — 
blows up to positive or negative infinity based on roundoff 
error, contains adjustable parameters, and in the words of the 
authors, "at smaller scattering angles, however, the Bom ap- 
proximation calculation fails utterly, the experimental curve 
rising much more steeply than the theoretical" [89]. 

Furthermore, QM calculations are not even internally con- 
sistent. Take the inelastic scattering of electrons from He 
atoms as an example. Rather than using point particles which 
is the norm, a single plane wave is used as the equation of all 
of the incident electrons [92]. And, the Schrodinger equa- 
tion predicts that each of the functions that corresponds to a 
highly excited state electron as well as the ionized electron 
are sinusoidal over all space which is nonsensical, are not 
integrable, and can not be normalized. Thus, each is infinite 
[7]. The SE does not give a point or a plane wave as the 
function of an ionized electron. 

Measurements of the resistivity of hydrogen as a function 
of pressure provides a test of quantum mechanics which is 
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similar to scattering experiments. The scalar and vector po- 
tential functions of the electrons of the hydrogen molecule 
are given by Mills [2, pp. 234-259] as a closed form solu- 
tion of the Laplacian in elliptic coordinates with the nonra- 
diative boundary constraint. The many solutions of the hy- 
drogen molecule based on quantum mechanics have many 
flaws such as internal inconsistency, violation of fundamen- 
tal laws, and use of variable parameters such as "effective 
nuclear charge for the proton". For example, Kolos and Wol- 
niewicz [93,94] use a 100 terms and an effective nuclear 
charge of 1 .072. Whereas, Kolos and Roothaan [95] use an 
effective nuclear charge of 1.197, and their predicted bond 
energy is 30% less than the experimental value. The proton 
charge in Mills* closed form calculation is identically equal 
to the experimentally measured charge of the proton, and 
Mills' bond energy matches the experimental energy. Re- 
cent measurements of the resistivity of hydrogen as a func- 
tion of pressure confirm Mills' solution rather than quantum 
mechanics. The finite dimensions of the hydrogen molecule 
are evident in the plateau of the resistivity versus pressure 
curve of metallic hydrogen [96]. This is in contradiction to 
the predictions of quantum probability functions such as an 
exponential distribution in space. 

A.6. It has been shown experimentally that the 
Heisenberg uncertainty principle has nothing to do with 
wave-particle duality 

Feynman states [97], "It is impossible to design an appa- 
ratus to determine which hole the electron passes through, 
that will not at the same time disturb the electrons enough to 
destroy the interference pattern". If an apparatus is capable 
of determining which hole the electron goes through, it can- 
not be so delicate that it does not disturb the pattern in an 
essential way. No one has ever found (or even thought of) a 
away around the uncertainty principle, so we must assume 
that it describes a basic characteristic of nature", 

Feynman' s position has recently been over turned by 
an experiment by Durr et al. [98], According to Gerhard 
Rempe [99], who lead the Durr et al. experimental team, 
"The Heisenberg uncertainty principle has nothing to do 
with wave-particle duality". Durr et al. report, "We show 
that the back action onto the atomic momentum implied by 
Heisenberg* s position-momentum uncertainty relation can- 
not explain the loss of interference". 

A J. Uncertainty principle 

More than 60 years after the famous debate between Niels 
Bohr and Albert Einstein on the nature of quantum reality, 
a question central to their debate — the nature of quantum 
interference — has resurfaced. The usual textbook explana- 
tion of wave-particle duality in terms of unavoidable "mea- 
surement disturbances" is experimentally proven incorrect 
by an experiment reported by Durr et al. [98]. They report on 
the interference fringes produced when a beam of cold atoms 



is diffracted by standing waves of light. Their interferometer 
displayed fringes of high contrast — but when they manipu- 
lated the electronic state within the atoms with a microwave 
field according to which path was taken, the fringes disap- 
peared entirely. The interferometer produced a spatial dis- 
tribution of electronic populations which were observed via 
fluorescence. The microwave field canceled the spatial dis- 
tribution of electronic populations. The key to this new ex- 
periment was that although the interferences are destroyed, 
the initially imposed atomic momentum distribution left an 
envelope pattern (in which the fringes used to reside) at the 
detector. A careful analysis of the partem demonstrated that 
it had not been measurably distorted by a momentum kick 
of the type invoked by Bohr, and therefore that any locally 
realistic momentum kicks imparted by the manipulation of 
the internal atomic state according to the particular path 
of the atom are too small to be responsible for destroying 
interference. 

Durr et al. conclude that the "Heisenberg uncertainty re- 
lationship has nothing to do with wave-particle duality" and 
further conclude that the phenomenon is based on entangle- 
ment and correlation. Their interpretation of the principles of 
the experiment is that directional information is encoded by 
manipulating the internal state of an atom with a microwave 
field, which entangles the atom's momentum with its inter- 
nal electronic state. Like all such entangled states, the con- 
stituent parts lose their separate identity. But the attachment 
of a distinguishable electronic label to each path means that 
the total electronic-plus-path wave function along one path 
becomes orthogonal to that along the other, and so the paths 
cannot interfere. By encoding information as to which path 
is taken within the atoms, the fringes disappear entirely. The 
internal labeling of paths does not even need to be read out 
to destroy the interferences: all you need is the option 6T 
being able to read it out. 

According to Durr et al., the mere existence of informa- 
tion about an entity's path causes its wave nature to disap- 
pear. But, correlations are observations about relationships 
between quantities and do not cause physical processes to 
occur. The existence of information about an entity's path is 
a consequence of the manipulation of the momentum states 
of the atoms which resulted in cancellation of the interfer- 
ence pattern. It was not the cause of the cancellation. The 
cancellation is calculated by Mills [2, pp. 405-413] as the 
superposition of two single slit patterns as opposed to a 
double slit pattern which is based on determinism. In this 
case, an appropriate replacement terminology for "correla- 
tions are responsible for the loss of the interference pattern" 
is "determinism is responsible for the loss of the interfer- 
ence pattern". 

In contrast to QM, in Mills' theory, a particle has one 
position and one energy in the absence of measurement. It 
does not have an infinite number of superimposed positions 
and energies simultaneously with no physical form until 
measurement is made. The rise-time band width relationship 
holds during measurement. This is a conservation statement. 
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Mills regards the Heisenberg uncertainty principle which 
is based on the probability model of fundamental particles 
to be wrong as well as the implicit spontaneous creation 
of energy and virtual particles from a perfect vacuum. The 
Heisenberg uncertainty principle violates first principle laws 
which are directly proven experimentally, and the predicted 
virtual particles generated from vacuum are rejected since 
they are not experimentally observed. Mills* theory predicts 
wave particle duality nature of light and particles based on 
first principles rather than requiring that different physics 
applies on the atomic scale. 

A.8. The Heisenberg uncertainty principle predicts 
nonlocality, noncausality, spooky actions at a distance, 
and perpetual motion which can be shown to be 
experimentally incorrect 

A.8.L Flawed interpretation of the results of the Aspect 
experiment — there is no spooky action at a distance 

Bell [100] showed that in a Gedanken experiment 
of Bohrn [101] (a variant of that of EPR) no local 
hidden-variable theory can reproduce all of the statistical 
predictions of quantum mechanics. Thus, a paradox arises 
from Einstein's conviction that quantum-mechanical predic- 
tions concerning spatially separated systems are incompat- 
ible with his condition for locality unless hidden variables 
exist Bell's theorem provides a decisive test of the fam- 
ily of local hidden- variable theories (LHVT). In a classic 
experiment involving measurement of coincident photons 
at spatially separated detectors, Aspect [102] showed that 
local hidden-variable theories are inconsistent with the ex- 
perimental results. Although Aspect's results are touted as 
a triumph of the predictions of quantum mechanics, the cor- 
rect coincidence rate of detection of photons emitted from 
a doubly excited state of calcium requires that the z com- 
ponent of the angular momentum is conserved on a photon 
pair basis. As a consequence, a paradox arises between the 
deterministic conservation of angular momentum and the 
Heisenberg uncertainty principle. The prediction derived 
from the quantum nature of the electromagnetic fields for 
a single photon is inconsistent with Aspect's results, and 
Bell's theorem also disproves quantum mechanics. Further- 
more, the results of Aspect's experiment are predicted by 
Mills' theory wherein locality and causality hold. Mills de- 
rives the predicted coincidence rate based on first principles 
[2, pp. 51 1-521]. The predicted rate identically matches the 
observed rate. 

The Aspect experiment is a test of locality and local hid- 
den variable theories. The Aspect experiment is also a test 
of quantum mechanics and the HUP. In one design of the 
experiment, photons are incident to a beam splitter which 
causes each photon to be split into two that travel along 
opposite paths to separate detectors. The separate detectors 
measure the polarization of the arriving photons. By using 
synchronous detection, photons of a pair may be later com- 



pared. The data indicate a random pattern at each detector in- 
dividually; however, when photons are matched up as pairs, 
an essentially perfect correlation exists. The quantum me- 
chanical explanation is that before the photon was split its 
state of polarization was indeterminate. It possessed an infi- 
nite number of states in superposition. Then when one ele- 
ment of the pair was detected information traveled instanta- 
neously (infinitely faster than the speed of light — otherwise 
known as a spooky action at a distance) to cause the other 
photon to have a matching polarization. In quantum me- 
chanical terms, the states were entangled, and measurement 
of one photon caused the other photon's wave function to 
collapse into the matching state. 

The correct explanation is that each photon entering the 
beam splitter originally had a determined state, and angular 
momentum was conserved on a photon-by-photon basis at 
the splitter. Thus, each photon of a pair had a matching 
polarization before it hit the detector. Locality and cause 
and effect hold. There is no spooky action at a distance. 
This experiment actually disproves quantum mechanics. It 
also disproves local hidden variable theories. The data of 
the Aspect experiment matches a classical derivation, not a 
quantum mechanical one. 

Everyday observation demonstrates that causality and lo- 
cality always hold. Bell's theorem postulates that a statisti- 
cal correlation of A(a) and B{b) is due to information car- 
ried by and localized within each photon, and that at some 
time in the past the photons constituting one pair were in 
contact and in communication regarding this information. 
This is the case in many everyday experiences such as trans- 
mission, processing, and reception of signals in microelec- 
tronics devices. Locality and causality always hold. They 
hold on the scale of the universe also. But, according to the 
Big-Bang theory of quantum mechanics all photons were 
at one time in contact; thus, no locality'or causalityshould 
be observed at all. This is nonsense. The results of the As- 
pect experiment support the EPR paradox that QM does not 
describe physical reality. There is a mistake in the deriva- 
tion of the analysis of the data from Aspect's experiment 
[103,104]. 

Bell's theorem is just an inequality relationship between 
arbitrary probability density functions with certain assump- 
tions about independence, expectation value equal to one, 
etc. wherein an additional probability distribution function 
is introduced which may represent local hidden variables 
or something else for that matter. And, the initial functions 
may correspond to quantum mechanical statistics or some- 
thing else for that matter. Standard probability rules are ac- 
cepted such as the probability of two independent events 
occurring simultaneously is the product of their indepen- 
dent probabilities. What is calculated and plugged into the 
formula for the functions and whether the substitutions are 
valid are the issues that determine what Bell's inequality 
tests when compared with data. Historically, Bell's inequal- 
ity is a simple proof of statistical inequalities of expecta- 
tion values of observables given that quantum statistics is 
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correct and that the physical system possesses "hidden vari- 
ables". However, if deterministic statistics are actually cal- 
culated and quantum statistics is equivalent to deterministic 
statistics (e.g. detection of a wave at an inefficient detec- 
tor) but possesses further statistics based on the probability 
nature of the theory (statistical conservation of photon an- 
gular momentum), then BelFs inequality is actually testing 
determinism versus quantum theory when compared to the 
data. 

Rather than demonstrating that QM does not give us all 
of the information about the physical world, the data is con- 
sistent with the result that QM does not describe the physi- 
cal world, and that deterministic physics does. A determin- 
istic theory is not required to posses local hidden variables. 
Maxwell's equations is a deterministic theory. It does not 
have local hidden variables (LHV). There is no correspond- 
ing statistical distribution function. Bell's theorem is a sim- 
ple proof of statistical inequalities of expectation values of 
observables given that "quantum" statistics is correct and 
that the physical system possesses "hidden variables" cor- 
responding to an additional statistical distribution function. 
What was actually derived to explain the results of the As- 
pect experiment [102] was a classical calculation of the de- 
tection of an extended particle, the polarized photon, at an 
inefficient detector wherein determinism holds with respect 
to conservation of angular momentum [103,104]. Thus, the 
statistics defined as "quantum" was actually deterministic. 
(The derivation is given by Mills [2, pp. 51 1-521]). Further- 
more, in actuality, quantum statistics must also possess other 
statistical distribution functions corresponding to the prob- 
ability nature of the theory such as a statistical distribution 
for the z component of angular momentum which is con- 
served statistically as the number of photons goes to infinity. 
Thus, the real quantum mechanics statistics corresponds to 
a local hidden variable theory (LHVT) with respect to the 
definitions of the arbitrary probability distribution functions 
in Bell's inequality. Aspect recorded the expectation value 
of the coincidence rate at separated randomly oriented in- 
efficient polarization analyzers for pairs of photons emitted 
from a doubly excited state calcium atom. The data showed 
a violation of Bell's inequality. This proves determinism 
and the real QM statistics fails the test. Furthermore, the 
observed coincidence count rate of Aspect [102] is equal to 
that predicted classically from the statistics of measurement 
at an inefficient detector only. The additional finite distri- 
bution function required in the case of quantum mechanics 
and QED results in incorrect predictions. There is no spooky 
action at a distance. 

The Aspect experiment shows that momentum in con- 
served on a photon-by-photon basis, not statistically as pre- 
dicted by the HUP. Similar experiments regarding tests of 
entanglement predicted by the HUP are shown to be consis- 
tent with first principle predictions and reveal flaws in the 
interpretations based on the HUP. The HUP implies nonlo- 
cal ity, noncausality, and spooky actions at a distance which 
can be shown to be experimentally incorrect. 



AA2. Flawed interpretation of the results on a single 
9 Be + ion in a trap in a continuous Stern-Gerlach 
experiment — an ion cannot be at two places at the same 
time 

There is a mistake in the analysis of the data from Monroe 
et al. [105]. Their interpretation that the same beryllium ion 
was observed to be at widely separated points at the same 
time is absolute nonsense. Their experimental results show 
that locality and causality hold [2, pp. 521-536]. 

A report in New York Times [106] entitled "Physicists 
put atom in 2 places at once" states, "a team of physicists 
has proved that an entire atom can simultaneously exist in 
two widely separated places". The article further states, "In 
the quantum "microscale" world, objects can tunnel magi- 
cally through impenetrable barriers. A single object can ex- 
ist in a multiplicity of forms and places. In principle, two 
quantum-mechanically "entangled" objects can respond in- 
stantly to each other's experiences, even when the two ob- 
jects are at the opposite ends of the universe". Experimen- 
tally, interference patterns were observed by Monroe et al. 
[105] for a single 9 Be + ion in a trap in a continuous Stem- 
Gerlach experiment. Monroe's interpretation of the experi- 
mental observation was that the ion wave function interfered 
with itself wherein the ion was at two separate places at the 
same time corresponding to a wave function state called a 
"Schrodinger cat" state [105-107]. According to Monroe 
et al., 

A "Schrodinger cat"-like state of matter was gener- 
ated at the single atom level. A trapped 9 Be + ion was 
laser-cooled to the zero-point energy and then prepared 
in a superposition of spatially separated coherent os- 
cillator states. This state was created by application 
of a sequence of laser pulses, which entangles inter- 
nal (electronic) and external (motional) states of the * 
ion. The "Schrodinger cat" superposition was verified 
by detection of the quantum mechanical interference 
between the localized wave packets. This mesoscopic 
system may provide insight into the fuzzy boundary 
between the classical and quantum worlds by allowing 
controlled studies of quantum measurement and quan- 
tum decoherence. 
The "Schrodinger cat" state analysis relies on the postu- 
late that the Pauli exclusion principle applies to Rabi states 
wherein a rotation of the magnetic moment of the unpaired 
electron of an RF- trapped 9 Be + ion is represented by a lin- 
ear combination of spin 1/2 (| f).) and spin — 1/2 (j ]),) 
states. Three steps of rotation of the spin magnetic moment 
by a time harmonic field provided by pairs of copropagating 
off-resonant laser beams which drove two-photon-stimulated 
Raman magnetic resonance transitions were each separated 
by displacement laser pulses which excited a resonant trans- 
lational harmonic oscillator level of the trapped ion by cou- 
pling only with the | T},- state. According to Monroe, "this 
selectivity of the displacement force provides quantum en- 
tanglement of the internal state with the external motional 
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state. Although the motional state can be thought of as nearly 
classical, its entanglement with the internal atomic quantum 
levels precludes any type of semiclassical analysis". The in- 
terference was detected by exciting a fluorescent transition 
which only appreciatively coupled to the | J.),- state. Thus, 
the fluorescence reading was proportional to the probability 
Pi the ion was in state | J,),. The "Schrddinger cat" super- 
position was supposedly verified by detection of the quan- 
tum mechanical interference between the localized wave 
packets. 

However, the interference arises not from the existence 
of the ion at two places at once. The positively charged ion 
was excited to a time harmonic translational energy state, 
and the spin quantization axis was defined by an applied 
0.20 mT magnetostatic field at an angle of n/4 with respect 
to the x-axis of the RF-trap. The frequency of the energy to 
"flip" the spin state was equivalent to the projection of that 
of the translational harmonic oscillator onto the spin axis 

^ cos 2 ^ = (11.2 MHz)(0.5) = 5.605 MHz = 

2n 4 n 

(A.2) 

given by Eqs. (37.45H37.48) of Mills [2, pp. 521-566]. 
Thus, interference occurred between the Stem-<3erlach tran- 
sition and the synchrotron radiation corresponding to the 
charged harmonic oscillator. Since the displacement beams 
afTected only motion correlated with the | T)i state, a rotation 
of the magnetic moment such that 5^0 with application 
of the displacement beams gives rise to a phase shift of the 
interference pattern. The closed form calculation is given in 
Mills [2, pp. 521-536]. 

A.83. Flawed interpretation of the results of 
experiments on a small SQUID coupled to a biased large 
superconducting current loop — a superconducting current 
cannot flow in opposite directions at the same time 

There is a mistake in the analysis of the data from Fried- 
man et al. [108]. Their interpretation that a superconducting 
current loop can exist as a superposition of contradictory 
states at the same time is absolute nonsense. It is shown by 
Mills [2] that their experimental results are consistent with 
locality and causality. 

A recent report in The New York Times [109] entitied 
"Here, There and Everywhere: A Quantum State of Mind" 
states, "Physicists at Delft University of Technology have 
put a 5-micrometer-wide loop of superconducting wire into 
a "quantum superposition" of two contradictory possibili- 
ties: in one, the current flows clockwise; in the other, current 
flows counterclockwise". The article further states, "In the 
realm of atoms and smaller particles, objects exist not so 
much as objects as mists of possibilities being here, there and 
everywhere at the same time — and then someone looks and 
the possibilities suddenly collapse into definite locations". 
The experiment was a simplified version of the concept of 
Schrddinger's cat. In 1935, Schrddinger [110] attempted to 



demonstrate the limitations of quantum mechanics using a 
thought experiment in which a cat is put in a quantum su- 
perposition of alive and dead states. 

Instead of a cat, Friedman et al. [108] used a small square 
loop of superconducting wire linked to a SQUID (Super- 
conducting Quantum Interference Device). A SQUID com- 
prises a superconducting loop with a Josephson junction, a 
weak link that causes magnetic flux to be linked in integer 
units of the magnetic flux quantum. When the loop is placed 
in an external magnetic field, the loop spontaneously sets up 
an electrical current to cancel the field or generate an addi- 
tional magnetic field, adjusting the magnetic field to a unit 
of the magnetic flux quantum, one of the allowed values. In 
the experiment of Friedman et al., the loop was placed in a 
magnetic field equal to one half of the first allowed value, a 
magnetic flux quantum. Thus, the loop could set up either a 
current to raise the field strength to the first allowed value, or 
with equal probability, a current of equal magnitude flowing 
in the opposite direction to cancel out the external field. A 
pulse of microwaves was applied at the frequency to cause a 
transition of the magnetic moment of the current loop as an 
entirety. The absorption of microwaves caused the magnetic 
state of the SQUID to change and the current to reverse its 
direction. 

Experimentally, a measurement always gave one of the 
two possible answers, clockwise or counterclockwise, never 
a zero cancellation. A difference in energy at which the flip 
transition occurred between the two possibilities was de- 
tected by a group led by J. Lukens and J. Friedman at the 
State University of New York (SUNY). A simple explana- 
tion was that the microwaves simply flipped the current di- 
rection which had an energy bias in one direction versus the 
opposite based on the corresponding presence or absence of 
a magnetic flux quantum within the SQUID. Rather, they in- 
terpreted the results as experimental evidence that a SQUID 
can be put into a superposition of two magnetic flux states: 
one corresponding to a few microamperes of current flowing 
clockwise and the other corresponding to the same amount 
of current flowing anticlockwise. "Just as the cat is neither 
alive nor dead but a ghostly mix of the two possibilities, the 
current flows neither clockwise or counterclockwise, but is a 
mix of the two possibilities [109]". According to Friedman, 
**we can have two of these macroscopically well-defined 
states at the same time. Which is something of an affront to 
our classical intuitions about the world [109]". 

Current running in both directions simultaneously is non- 
sensical. Current is a vector and must have only one direc- 
tion. The energy difference observed by Friedman et al. can 
be explained classically. The experimental apparatus com- 
prised a small SQUID coupled to a large current loop. A 
second SQUID magnetometer read the flux state of the first 
sample SQUID. The energy difference was not due to su- 
perposition of flux states. Rather, it was due to the nature of 
the electron which carries the superconducing current and 
links flux in units of the magnetic flux quantum. Conse- 
quently, the sample SQUID linked zero or one magnetic flux 
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quantum. When excited by electromagnetic radiation of a 
resonant frequency, individual electrons undergo a spin-flip 
or Stern-Gerlach transition corresponding to a reversal of 
the electron magnetic moment, angular moment, and current 
The Stern-Gerlach transition energies of electrons super- 
impose. The energy difference observed by Friedman et al. 
matches the energy corresponding to the flux linkage of the 
magnetic flux quantum by the ensemble of superconducting 
electrons in their entirety with a reversal of the correspond- 
ing macroscopic current. The linkage was caused by high 
power microwave excitation of a Stern-Gerlach transition 
of the magnetically biased loop which caused a concomi- 
tant change in the flux state of the separately magnetically 
biased sample SQUID. In this case, the microwave fre- 
quency was kept constant, and the bias flux of the loop was 
scanned at a fixed magnetic bias of the sample SQUID until 
the resonance with the superposition of the Stern-Gerlach 
transitions of the superconducting electrons in their entirety 
was achieved. 

A. 8.4. Flawed prediction of perpetual motion by the 
Heisenberg uncertainty principle 

Another consequence of HUP wherein entanglement 
of states is implicit is the prediction of perpetual motion. 
Schewe and Stein report on the work of Allahverdyan and 
Nieuwenhuizen [111]: 

Armen Allahverdyan of, CEA Saclay (France )/University 
of Amsterdam (Netherlands)/Yerevan Physics Insti- 
tute (Armenia), aarmen@spht.saclay.cea.fr, and Theo 
Nieuwenhuizen of the University of Amsterdam (nieuwenh 
@wins.uva.nl, 011-31-20-525- 6332) [112] suggest that a 
quantum particle (such as an electron) interacting strongly 
with a reservoir of particles may violate the Clausius 
inequality — one formulation of the second law of thermo- 
dynamics, which states that it is impossible to do work 
without losing heat. What the researchers term "appalling 
behavior" can be traced to the quantum mechanical prop- 
erty of entanglement, in which a quantum particle (such as 
an electron) is so strongly interlinked with another parti- 
cle or group of particles that the resulting behavior cannot 
be treated by standard thermodynamic approaches. In this 
paper, the Amsterdam scientists study the entanglement of 
a particle with a "quantum thermal bath", a reservoir of 
particles with which the first particle can exchange energy 
and momentum. According to the researchers, entangle- 
ment prevents the quantum bath from observing the normal 
requirements for a heat bath. Therefore, thermodynamics 
simply cannot say anything useful about the system. 

Standard thermodynamics dictates that the bath be in 
thermal equilibrium and not interact strongly with an ex- 
ternal object. To the contrary, the bath strongly interacts 
with something external to it (the entangled particle) and 
it cannot reach equilibrium, since it constantly exchanges 
energy and momentum with the particle. At low tempera- 
tures where entanglement could be easily preserved, the re- 



searchers state that this system can apparently violate the 
Clausius inequality — in which the heat gained by the parti- 
cle must be less than or equal to the temperature multiplied 
by the change in its entropy (or disorder). Near absolute zero 
temperatures, a situation which would ordinarily require the 
particle to lose heat, the researchers show that the particle 
could gain heat, by the Clausius relation. According to this 
scenario, applying a cyclic parameter such a periodically 
varying external magnetic field can cause the entangled par- 
ticle to extract work from the bath — something forbidden 
in a classical system. Further, the researchers say that this _ 
phenomenon could be said to constitute a perpetual motion 
machine of the second kind. 

A.9. The Postulated Schrddinger equation does not 
explain the stability of the hydrogen atom 

QM theory does not say why an atom radiates. Quantum 
states of QM refer to energy levels of probability waves. 
From these, emission and absorption of radiation is inferred. 
But QM does not explain why it is emitted or absorbed or 
why certain states are stable. For example, the Schrodinger 
equation (SE) was postulated in 1926. It does not explain 
the stability of the hydrogen atom. To say that the atom 
obeys the SE is nonsensical. Consider the hydrogen atom 
without regard to the mathematical formula called the SE. 
Mathematics does not determine physics. It only models 
physics. The SE is not based on directly testable physical 
laws such as Maxwell's equations. It only gives correlations, 
and is in fact inconsistent with physical laws. 

As a historical note: 

[My father] said, "I understand that they say that 

light is emitted from an atom when it goes from one 

state to another, from an excited state to a state of lower s " 

energy." 

I said, "That's right." 

"And light is kind of a particle, a photon, I think they 
call it." 
"Yes." 

"So if the photon comes out of the atom when it goes 
from the excited to the lower state, the photon must 
have been in the atom in the excited state." 

I said, "Well no." 

He said, "Well, how do you look at it so you can 
think of a particle photon coming out without it having 
been there in the excited state?" 

I thought a few minutes, and I said, "I'm sorry; I 
don't know. I can't explain it to you." 

-Richard P. Feynman, The Physics Teacher (Septem- 
ber 1969). 

As shown in "Schrodinger states below n = 1" section, 
the definition of the "ground state" is mathematically purely 
arbitrary. It is always experimentally observed that the hy- 
drogen atom does not spontaneously emit light once it has 
achieved an energy level of 13.6 eV. Thus, it is taught in 
textbooks that atomic hydrogen cannot go below the ground 
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state. But, atomic hydrogen having an experimental ground 
state of 13.6 eV can only exist in a vacuum or in isolation, 
and atomic hydrogen cannot go below this ground state only 
when it is in isolation. Atomic hydrogen is extremely reac- 
tive, and there is no known composition of matter containing 
hydrogen in the ground state of 13.6 eV. 

Since the Schrodinger equation offers no foundation 
for the stability of isolated atomic hydrogen, Feynman at- 
tempted to find a basis for the definition of the "ground 
state" in the Heisenberg uncertainty principle [97, p. 2-6]. 
Feynman's based his derivation on the determination of 
the momentum as p as h/a from the uncertainty principle 
wherein he argues, "We need not trust our answer to within 
factors like 2, n, etc. We have not even defined a very 
precisely". The kinetic energy follows classically from the 
momentum, and the electrostatic energy is given classically 
to give the total energy as 

E = h 2 /2ma 2 - e 2 /a. (A.3) 

Feynman determined the minimum energy in order to solve 
for the radius of the hydrogen atom. 

dE/da = -h 2 fma 3 + e 2 /a 2 = 0. (A.4) 

The result is exactly the Bohr radius. 

The uncertainty principle [8, pp. 135-140] is 

a x o p 5* A/2, (A.5) 

where a x and a p are given by 

a 2 x = j r(X-{x)) 2 ^d Xj (A.6) 

4 = j r&-<P)?*A*- (A.7) 

The definition of the momentum operator in a one-dimensional 
system is [8, pp. 135-140] 

A = ( A * 8 > 

dx 

and the position operator is 

X = x (multiply by x). (A.9) 

Based on the uncertainty principle, Feynman's derivation of 
the Bohr radius is flawed on the basis of at least five points: 
(1) The uncertainty principle gives a lower limit to the 
product of the uncertainty in the momentum and the 
position — not the momentum and the position. The mo- 
mentum or position could be arbitrarily larger or smaller 
than its uncertainty. For example, quantum mechanical 
textbooks express the movement of the electron, and 
the Heisenberg uncertainty principle is an expression 
of the statistical aspects of this movement. McQuarrie 
[15], gives the electron speed in the n = 1 state of hy- 
drogen as 2.18764 x 10 6 m/s. Remarkably, the uncer- 
tainty in the electron speed according to the uncertainty 
principle is 1.4 x 1 0 7 m/s [8, p. 38] which is an order 
of magnitude larger than the speed. 



(2) Feynman's derivation of the Bohr radius is internally 
inconsistent since the kinetic and electrostatic energies 
were derived classically, whereas, quantum mechanics 
and the uncertainty principle are not consistent with 
classical mechanics. 

(3) Feynman's derivation of the Bohr radius is internally 
inconsistent since the uncertainty principle requires un- 
certainty in the position and momentum. Yet, Eqs. 
(2.10) and (2.11) of Feynman (Eqs. (A.2HA.4)) can 
be solved to give an exact rather than a most probable 
electron position, momentum, and energy. 

(4) Feynman's derivation of the Bohr radius is flawed since 
Eq. (2.1 1) of Feynman (Eq. (A.2)) is nothing more than 
the Bohr force balance equation given by McQuarrie 
[8, pp. 22-26] and also derived by Mills [7]. Thus, this 
approach fails at explaining the stability of the 13.6 eV 
state beyond an arbitrary definition wherein "We need 
not trust our answer to within factors like 2, n, etc. [97, 
p. 2-6]". 

(5) The faulty logic is compounded by the fact that the un- 
certainty principle is founded on the definition of the 
momentum operator given by Eq. (A.8) and the po- 
sition operator given by Eq. (A.9). Thus, the uncer- 
tainty principle is based on the postulated Schrodinger 
equation and its associated postulates and descriptions 
of particles as probability waves. is not based on 
physics. In fact, it is nonsensical in many physical tests 
such as scattering of electrons from neutral atoms, con- 
fining electrons to atoms, confining electrons to atoms 
in excited states wherein a photon causing a transi- 
tion carries h of angular momentum, and the cosmo- 
logical consequences of the uncertainty principle as de- 
scribed previously. Also, it is disproved experimentally 
that it provides a basis for the wave-particle^ duality 
nature of light and particles; even though, the oppo- 
site is widely touted as discussed in the "It has been 
shown experimentally that the Heisenberg uncertainty 
principle has nothing to do with wave-particle duality" 
section. 

According to the generally accepted Born interpretation 
of the meaning of the wave function, the probability of find- 
ing the electron between r, 0, 0 and r + dr, 9 + d0, 0 + d<f> 
is given by Eq. (A.l). The electron is viewed as a discrete 
particle that moves here and there (from r=0 to r=co), and 
<pr gives the time average of this motion. The Schrodinger 
equation possesses terms corresponding to the electron ra- 
dial and angular kinetic energy which sum with the potential 
energy to give the total energy. These are necessary condi- 
tions for an electron bound by a central field [10]. Herman 
Haus derived a test of radiation based on Maxwell's equa- 
tions [15]. Applying Haus's theorem to the point particle 
that must have radial kinetic energy demonstrates that the 
Schrodinger solution for the n = 1 state of hydrogen is ra- 
diative; thus, it violates Maxwell's equations. Since none is 
observed for the n = 1 state, QM is inconsistent with obser- 
vation. The derivation is shown in the "Schrodinger wave 
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functions in violation of Maxwell's equations" section of 
Mills [2, pp. 487-489]. 

In contrast, the classical theory of Mills is derived from 
Maxwell's equation with the constraint that the n = 1 state is 
nonradiative. This approach leads to the prediction of stable 
states below the traditional n — 1 state. Corresponding states 
are confirmed by the data on the free electrons in superfluid 
helium. 
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Abstract 

Several myths about quantum mechanics exist due to a loss of awareness of its details since its inception in the beginning of 
the last century or based on recent experimental evidence. It is taught in textbooks that atomic hydrogen cannot go below the 
ground state. Atomic hydrogen having an experimental ground state of 13.6 eV can only exist in a vacuum or in isolation, and 
atomic hydrogen cannot go below this ground state in isolation. However, there is no known composition of matter containing 
hydrogen in the ground state of 13.6 eV. It is a myth that hydrogen has a theoretical ground state based on first principles. 
Historically, there were many directions in which to proceed to solve a wave equation for hydrogen. The Schrodinger equation 
gives the observed spontaneously radiative states and the nonradiative energy level of atomic hydrogen. On this basis alone, 
it is justified despite its inconsistency with physical laws as well as with many experiments. A solution compatible with first 
principles and having first principles as the basis of quantization was never found. Scattering results required the solution to 
be interpreted as probability waves that give rise to the uncertainty principle which in turn forms the basis of the wave particle 
duality. The correspondence principal predicts that quantum predictions must approach classical predictions on a large scale. 
However, recent data has shown that the Heisenberg uncertainty principle as the basis of the wave particle duality and the 
correspondence principle taught in textbooks are experimentally incorrect. Recently, a reconsideration of the postulates of 
quantum mechanics, has given rise to a closed form solution of a Schrodinger-like wave equation based on first principles. 
Hydrogen at predicted lower energy levels has been identified in the extreme ultraviolet emission spectrum from interstellar 
medium. In addition, new compositions of matter containing hydrogen at predicted lower energy levels have recently been 
observed in the laboratory, which energy levels are achieved using the novel catalysts. © 2000 International Association for 
Hydrogen Energy. Published by Elsevier Science Ltd. All rights reserved. 



1. Introduction 

J.J. Balmer showed, in 1 885, that the frequencies for some 
of the lines observed in the emission spectrum of atomic 
hydrogen could be expressed with a completely empirical 
relationship. This approach was later extended by J.R. Ryd- 
berg, who showed that all of the spectral lines of atomic 
hydrogen were given by the equation 



(O 



where R = 109,677 cm" 1 , n f = 1, 2,3,. .. ,n- t = 2,3,4,..., 
and rtj > /if. Niels Bohr, in 1913, developed a theory for 
atomic hydrogen based on an unprecedented postulate of 
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stable circular orbits that do not radiate. Although no ex- 
planation was offered for the existence of stability for these 
orbits, the results gave energy levels in agreement with Ry- 
dberg's equation 

e 2 13.598 eV 



E n = - 



n= 1,2,3,. 



(2) 



(3) 



where aw is the Bohr radius for the hydrogen atom (52.947 
pm), e is the magnitude of the charge of the electron, and eo 
is the vacuum permittivity. Bohr's theory was a straightfor- 
ward application of Newton's laws of motion and Coulomb's 
law of electric force — both pillars of classical physics and 
is in accord with the experimental observation that atoms 
are stable. However, it is not in accord with electromag- 
netic theory — another pillar of classical physics which 
predicts that accelerated charges radiate energy in the form 



0360-3 199/00/$ 20.00 © 2000 International Association for Hydrogen Energy. Published by Elsevier Science Ltd. All rights reserved. 
P1I: S0360-3199(00)00035-5 



1172 



R.L. Mills I International Journal of Hydrogen Energy 25 (2000) 1171-1183 



of electromagnetic waves. An electron pursuing a curved 
path is accelerated and therefore should continuously lose 
energy, spiraling into the nucleus in a fraction of a sec- 
ond. The predictions of electromagnetic theory have al- 
ways agreed with experiment, yet atoms do not collapse. 
To the early 20th century theoreticians, this contradiction 
could mean only one thing: The laws of physics that are 
valid in the macroworld do not hold true in the microworld 
of the atom. In 1923, de Broglie suggested that the mo- 
tion of an electron has a wave aspect — A = hi p. This 
concept seemed unlikely according to the familiar prop- 
erties of electrons such as charge, mass and adherence to 
the laws of particle mechanics. But, the wave nature of 
the electron was confirmed by Davisson and Germer in 
1927 by observing diffraction effects when electrons were 
reflected from metals. Schrodinger reasoned that if elec- 
trons have wave properties, there must be a wave equa- 
tion that governs their motion. And in 1926, he proposed 
the Schrodinger equation, = , where * is the wave 
function, H is the wave operator, and E is the energy of 
the wave. This equation, and its associated postulates, is 
now the basis of quantum mechanics y and it is the basis 
for the world view that the atomic realm including the elec- 
tron and photon cannot be described in terms of "pure" 
wave and "pure** particle but in terms of a wave-particle 
duality. The wave-particle duality based on the fundamen- 
tal principle that physics on an atomic scale is very different 
from physics on a macroscopic scale is central to present 
day atomic theory [1]. 



2. Development of atomic theory 

2.1. Bohr theory 

In 191 1, Rutherford proposed a planetary model for the 
atom where the electrons revolved about the nucleus (which 
contained the protons) in various orbits to explain the 
spectral lines of atomic hydrogen. There was, however, a 
fundamental conflict with this model and the prevailing 
classical physics. According to classical electromagnetic 
theory, an accelerated particle radiates energy (as electro- 
magnetic waves). Thus, an electron in a Rutherford orbit, 
circulating at constant speed but with a continually chang- 
ing direction of its velocity vector is being accelerated; thus, 
the electron should constantly lose energy by radiating and 
spiral into the nucleus. 

An explanation was provided by Bohr in 1913, when he 
assumed that the energy levels were quantized and the elec- 
tron was constrained to move in only one of a number of 
allowed states. Niels Bohr's theory for atomic hydrogen was 
based on an unprecedented postulate of stable circular orbits 
that do not radiate. Although no explanation was offered for 
the existence of stability for these orbits, the results gave 
energy levels in agreement with Rydberg's equation. Bohr's 
theory was a straightforward application of Newton's laws 



of motion and Coulomb's law of electric force. According to 
Bohr's model, the point particle electron was held to a circu- 
lar orbit about the relatively massive point particle nucleus 
by the balance between the coulombic force of attraction 
between the proton and the electron and centrifugal force of 
the electron. 



e 2 



4nEor z r 



(4) 



Bohr postulated the existence of stable orbits in defiance 
of classical physics (Maxwell's equations), but he ap- 
plied classical physics according to Eq. (4). Then Bohr 
realized that the energy formula (Eqs. (2) and (3)) was 
given by postulating nonradiative states with angular 
momentum 



L z = m c vr = nh y /i = 1,2,3.... 



(5) 



and by solving the energy equation classically. The Bohr 
radius is given by substituting the solution of Eq. (5) for v 
into Eq. (4). 



4neoh V 2 , ^ , 

r = — = n ao> n— 1,2,3.... 

rttce 1 



(6) 



The total energy is the sum of the potential energy and 
the kinetic energy. In the present case of an inverse 
squared central field, the total energy (which is the nega- 
tive of the binding energy) is one-half the potential energy 
[2]. The potential energy, 0(r), is given by Poisson's 
equation 



<Kr) 



= _ f P(r / )dv / 
J 4ti£o|r- 



(7) 



For a point charge at a distance r from the nucleus the 
potential is 



4nEor 

Thus, the total energy is given by 



E = - 



8neor* 



(8) 



(9) 



where Z = 1. Substitution of Eq. (6) into Eq. (9) with the 
replacement of the electron mass by the reduced electron 
mass gives Eqs. (2) and (3). 

Bohr's model was in agreement with the observed hydro- 
gen spectrum, but it failed with the helium spectrum, and 
it could not account for chemical bonds in molecules. The 
prevailing wisdom was that the Bohr model failed because 
it was based on the application of Newtonian mechanics 
for discrete particles. Its limited applicability was attributed 
to the unwarranted assumption that the energy levels are 
quantized. 
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Bohr's theory may also be analyzed according to the cor- 
responding energy equation. Newton's differential equations 
of motion in the case of the central field such as a gravita- 
tional or electrostatic field are 



m{r-r6 ) = /(r), 
m(2r0 + rd) = 0, 



(10) 
(11) 



where f(r) is the central force. The second or transverse 
equation, Eq. ( 1 1 ), gives the result that the angular momen- 
tum is constant. 



r 2 6 = constant = L/m, 



(12) 



where L is the angular momentum. The central force equa- 
tions can be transformed into an orbital equation by the sub- 
stitution, u = 1/r. The differential equation of the orbit of a 
particle moving under a central force is 



-1 



S6 i+U mLW/m 1 



(13) 



Because the angular momentum is constant motion in only 
one plane need be considered; thus, the orbital equation is 
given in polar coordinates. The solution of Eq. (13) for an 
inverse square force 



r = ro 



e = A 



1 +e 
1 +ecos0' 

mtf/m 2 
k y 

mL 2 /m 2 



k(\+e)' 



(H) 



(15) 



(16) 



(17) 



where e is the eccentricity and A is a constant. The equation 
of motion due to a central force can also be expressed in 
terms of the energies of the orbit The square of the speed 
in polar coordinates is 



v 2 = (r 2 +r^ 2 ). 



(18) 



Since a central force is conservative, the total energy, E, is 
equal to the sum of the kinetic, 7\ and the potential, V, and 
is constant The total energy is 



jm(r 2 + r 2 d 2 ) + V(r) = E = constant 



(19) 



Substitution of the variable u = 1/r and Eq. (12) into 
Eq. (19) gives the orbital energy equation 



1 



^W) + A +v(u ' l)=E - m 



Because the potential energy function V(r) for an inverse 
square force field is 



K(r) = -- = -Au, 
r 

the energy equation of the orbit (Eq. (20)), is 

i-S [(£)+'] . 

glw]-g [£ + h,].., 

which has the solution 

r= m(L 2 /m 2 )k- 1 

1 + [1 + 2£m(Z, 2 /m 2 )*-2]V2 cosA* 

where the eccentricity, e is 

| 1/2 



e = 



1 + 2Em^zk' 



1 



(21) 



(22) 



(23) 



(24) 



(25) 



Eq. (25) permits the classification of the orbits according to 
the total energy, £, as follows: 

E < 0, e < 1, ellipse, 

E < 0, e — 0, circle (special case of ellipse), 

E = 0, e — \ y parabolic orbit, 

E > 0, e > 1, hyperbolic orbit. (26) 

Since E = T + V and is constant, the closed orbits are those 
for which T < | K|, and the open orbits are those for which 
T 3* \V\. It can be shown that the time average of the 
kinetic energy, (T)> for elliptic motion in an inverse square 
field is 1/2 that of the time average of the potential energy, 
(V).(T) = \/2{V). 

Bohr's solution is trivial in that he specified a circular 
bound orbit which determined that the eccentricity was zero, 
arid he specified the angular momentum as a integer multiple 
of Planck's constant bar. Eq. (25) in CGS units becomes 



E = \me A 
2 n 2 h* 



e 2 
2rt 2 tfo 



(27) 



2.2. Schrodinger theory of the hydrogen atom 



In 1923, de Broglie suggested that the motion of ah 
electron has a wave aspect — X = h/p. This was confirmed 
by Davisson and Germer in 1927 by observing diffraction 
effects when electrons were reflected from metals. 
Schrodinger reasoned that if electrons have wave prop- 
erties, there must be a wave equation that governs their 
motion. And, in 1926, he proposed the time-independent 
Schrodinger equation 



(28) 



t 
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where # is the wave function, H is the wave operator, and 
E is the energy of the wave. To give the sought three quan- 
tum numbers, the Schrodinger equation solutions are three 
dimensional in space and four dimensional in spacetime 



*M,$ f o = o f 



(29) 



where \£(r, 0, 0, /) according to quantum theory is the 
probability density function of the electron as described 
below. When the time harmonic function is eliminated [3] 

h 2 \l S ( 2 6*\ , 1 5 /. 



1 



r 2 sm 2 9 



where the potential energy V(r) in CGS units is 



(30) 



(31) 



The Schrodinger equation (Eq. (30)) can be transformed into 
a sum comprising a part that depends only on the radius and a 
part that is a function of angle only obtained by separation of 
variables and linear superposition in spherical coordinates. 
The general form of the solutions for ^(r,0, 0) are 



(32) 



where / and m are separation constants. The azimuthal (6) 
part of Eq. (30) is the generalized Legendre equation which 
is derived from the Laplace equation by Jackson (Eq. (3.9) 
of Jackson [4]). The solutions for the full angular part of 
Eq. (30), Yi m (0, <p), are the spherical harmonics 



Y,m{9 - = ^ ^tjy^r ^ (cos 0ye ^- (33 > 

By substitution of the eigenvalues corresponding to the 
angular part [5], the Schrodinger equation becomes the 
radial equation, R(r% given by 



'imr 1 



(34) 



The time-independent Schrodinger equation is similar to 
Eq. (20) except that the solution is for the distribution of 
a spatial wavefuncrion in three dimensions rather than the 
dynamical motion of a point particle of mass m along a 
one-dimensional trajectory. Electron motion, is implicit in 
the Schrodinger equation. For wave propagation in three 
dimensions, the full time-dependent Schrodinger equa- 
tion is required, whereas the classical case contains time 



derivatives. The kinetic energy of rotation is K^t is given 
classically by 

Kroi = ~mr 2 co 2 y (35) 

where m is the mass of the electron. In the time-independent 
Schrodinger equation, the kinetic energy of rotation Kj* is 
given by 



K rot = 



€(t+ \)h 2 
2mr 2 ' 

where 



(36) 



(37) 



is the magnitude of the electron angular momentum L for 
the state Y tm (0, <f>). 

In the case of the ground state of hydrogen, the 
Schrodinger equation solution is trivial for an implicit cir- 
cular bound orbit which determines that the eccentricity is 
zero, and with the specification that the electron angular 
momentum is Planck's constant bar. With k — e 2 , Eq. (25) 
in CGS units becomes 



_ \me A 



2ao' 



(38) 



which corresponds to n = 1 in Eq. (27). Many problems in 
classical physics give three quantum numbers when three 
spatial dimensions are considered. In order to obtain three 
quantum numbers, the Schrodinger equation requires that 
the solution is for the distribution of a spatial wavefuncrion 
in three dimensions with implicit motion rather than a one 
dimensional trajectory of a point particle as shown below. 
However, this approach gives rise to predictions about the 
angular momentum and angular energy which are not con- 
sistent with experimental observations as well as a host of 
other problems which are summarized in Section 10. 
The radial equation may be written as 



dr\ drj 



Imr 2 

h 1 



E-V{r)- 



Kl+\)h} 



2mr 2 



K(r)=0. 



(39) 



Let l/(r) = rR{r), then the radial equation reduces to 



f' + TT E-V(r)- 
where 



(40) 



(41) 



Substitution of the potential energy given by Eq. (31) into 
Eq. (40) gives for sufficiently large r 

tC-(f) 2 J/ = 0 (42) 
provided we define 
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where a is the eigenvalue of the eigenfunction solution of the 
Schrodinger equation given infra having units of reciprocal 
length and E is the energy levels of the hydrogen atom. To 
arrive at the solution which represents the electron, a suitable 
boundary condition must be imposed. Schrodinger postu- 
lated a boundary condition: # — *■ 0 as r — ► oo, which leads 
to a purely mathematical model of the electron. This equa- 
tion is not based on first principles, has no validity as such, 
and should not be represented as so. The right-hand side of 
Eq. (43) must be postulated in order that the Rydberg equa- 
tion is obtained as shown below. The postulate is implicit 
since Eq. (43) arises from the Schrodinger equation which 
is postulated. It could be denned arbitrarily, but is justified 
because it gives the Rydberg formula. That Schrodinger 
guessed the accepted approach is not surprising since many 
approaches were contemplated at this time [6], and since 
none of these approaches were superior, Schrodinger^ 
approach prevailed. 

The solution of Eq. (42) that is consistent with the bound- 
ary condition is 



(/oo=c,e (fl/2)r + c 2 e-^ 



(44) 



In the case that a is real, the energy of the particle is negative. 
In this case Uoo will not have an integrable square if c\ fails 
to vanish wherein the radial integral has the form 



dr. 



(45) 



It is shown below that the solution of the Schrodinger cor- 
responds to the case wherein c\ fails to vanish. Thus, the 
solutions with sufficiently large r are infinite. The same prob- 
lem arises in the case of a free electron that is ionized from 
hydrogen. If a is imaginary, which means that E is positive, 
Eq. (42) is the equation of a linear harmonic oscillator [7]. 
Uoo shows sinusoidal behavior, thus, the wavefunction for 
the free electron cannot be normalized and is infinite. In ad- 
dition, the angular momentum of the free electron is infinite 
since it is given by {(£ + 1 )h 2 (Eq. (37)) where / -* oo. 
In order to solve the bound electron states, let 



E = -W 



(46) 



so that W is positive. In Eq. (39), let r ~ x/<x where a is 
given by Eq. (43) 



d 2 R 



Ime 2 
H 2 ot 



*_fii±12]j,-ft (47) 



Eq. (47) is the differential equation for associated Laguerre 
functions given in general form by 



xy + 2y + 



k - 



(48) 



which has a solution possessing an integrable square of the 
form 

^e-'^-'^^-Ot), (49) 

provided that n* and k are positive integers. However, n* 
does not have to be an integer, it may be any arbitrary 
constant /?. Then the corresponding solution is [8] 



(50) 



In the case that n* is chosen to be an integer in order to 
obtain the Rydberg formula, n* — k ^ 0 since otherwise 
L k n * (x) of Eq. (49) would vanish. By comparing Eqs. (47) 
and (48), 



k 2 -\ 



4 

Thus, 

k = It + 1 

and 



= <r(<r+i). 



. me 2 /oe\-» 



(51) 



(52) 



(53) 



Substitution of the value of a and solving for, IV gives 



W = 



I 



2 (/i* - syh 2 



(54) 



Because of the conditions on n* and Jfc, the quantity n* — £ 
cannot be zero. It is usually denoted by n and called the prin- 
cipal quantum number. The energy states of the hydrogen 
atom are ' 



W ~-E -- — 



(55) 



and the corresponding eigenfunctions from Eq. (49) are 

Ay^c^e-^j/^'OcX (56) 
where the variable x is defined by 



\f%mW Ime 2 



(57) 



In the Bohr theory of the hydrogen atom, the first orbital has 
a radius in CGS units given by 



a 0 = — r = 0.53 x 10 cm. 
me* 

Thus, a = 2/nao and 



- lL 
n ao 



(58) 



(59) 



The energy states of the hydrogen atom in CGS units in 
terms of the Bohr radius are given by Eq. (27). From 
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Eq. (56), R n j for the hydrogen atom ground state is 

*i.o « c lt0 e- r/eo L! = 2a- 3/2 e- / T (60) 

For this state 

Zoo = cons tan t = (4n) _ " 2 , (6 1 ) 

when the function is normalized. Thus, the ground state 
function is 

«Ao = (TwJ)- ,/2 e-^. (62) 

Immediately further problems arise. Since / must equal zero 
in the ground state, the predicted angular energy and angu- 
lar momentum given by Eqs. (36) and (37), respectively, 
are zero which are experimentally incorrect. In addition, 
different integer values of £ exist in the case of excited 
electron states. In these cases, the Schrodinger equation so- 
lutions (Eqs. (36) and (37)), predict that the excited state 
rotational energy levels are nondegenerate as a function of 
the £ quantum number even in the absence of an applied 
magnetic field. Consider the case of the excited state with 
n = 2; £ = I compared to the experimentally degenerate 
state n - 2; £ = 0. According to Eq. (37) the difference 
in angular energy of these two states is 3.4 eV where the 
expectation radius, 4<*o, is given by the squared integral of 
Eq. (70) over space. Thus, the predicted rotational energy in 
the absence of a magnetic field is over six orders of magni- 
tude of the observed nondegenerate energy ( 1 0~ 7 -l 0" 6 eV ) 
in the presence of a magnetic field. 

Schrodinger realized that his equation was limited. It is 
not Lorentzian invariant; thus, it violates special relativity. 
It also does not comply with Maxwell's equations and other 
first principle laws. Schrodinger sought a resolution of the 
incompatibility with special relativity for the rest of his life. 
He was deeply troubled by the physical consequences of 
his equation and its solutions. His hope was that the resolu- 
tion would make his equation fully compatible with classical 
physics and the quantization would arise from first princi- 
ples. 

Quantum mechanics failed to predict the results of the 
Stern-Oerlach experiment which indicated the need for an 
additional quantum number. Quantum electrodynamics was 
proposed by Dirac in 1926 to provide a generalization of 
quantum mechanics for high energies in conformity with 
the theory of special relativity and to provide a consistent 
treatment of the interaction of matter with radiation. From 
Weisskopf [9], "Dirac 's quantum electrodynamics gave a 
more consistent derivation of the results of the correspon- 
dence principle, but it also brought about a number of new 
and serious difficulties". Quantum electrodynamics: ( 1 ) does 
not explain nonradiation of bound electrons; (2) contains an 
internal inconsistency with special relativity regarding the 
classical electron radius — the electron mass corresponding 
to its electric energy is infinite; (3) it admits solutions of 
negative rest mass and negative kinetic energy; (4) the in- 
teraction of the electron with the predicted zero-point field 



fluctuations leads to infinite kinetic energy and infinite elec- 
tron mass; and (5) Dirac used the unacceptable states of 
negative mass for the description of the vacuum; yet, infini- 
ties still arise. 

A physical interpretation of Eq. (28) was sought. 
Schrodinger interpreted e as the charge-density 

or the amount of charge between jc and x 4- dx (^* is the 
complex conjugate of \&). Presumably, then, he pictured 
the electron to be spread over large regions of space. Three 
years after Schrodinger's interpretation, Max Bom, who 
was working with scattering theory, found that this in- 
terpretation led to logical difficulties, and he replaced the 
Schrodinger interpretation with the probability of finding 
the electron between r, 0, (p and r + dr, 6 + d0, <t> + d<t> as 

J *(r,0,tfO*V,0,4Odrd0dtf>; (63) 

Bom's interpretation is generally accepted. Nonetheless, 
interpretation of the wave function is a never-ending source 
of confusion and conflict. Many scientists have solved this 
problem by conveniently adopting the Schrodinger inter- 
pretation for some problems and the Bom interpretation for 
others. This duality allows the electron to be everywhere at 
one time — yet have no volume. Alternatively, the electron 
can be viewed as a discrete particle that moves here and 
there (from r = 0 to oo), and gives the time average 
of this motion. 

Schrodinger was also troubled by the philosophical con- 
sequences of his theory since quantum mechanics leads to 
certain philosophical interpretations [10] which are not sen- 
sible. Some conjure up multitudes of universes including 
"mind*' universes; others require belief in a logic that al- 
lows two contradictory statements to be true. The question 
addressed is whether the universe is determined or influ- 
enced by the possibility of our being conscious of it The 
meaning of quantum mechanics is debated, but the Copen- 
hagen interpretation is predominant. It asserts that **what we 
observe is all we can know; any speculation about what a 
photon, an atom, or even a superconducting quantum inter- 
ference device (SQUID) really is or what it is doing when we 
are not looking is just that — speculation" [10]. As shown 
by Piatt [11] in the case of the Stern-Oerlach experiment, 
"the postulate of quantum measurement (which) asserts that 
the process of measuring an observable forces the state vec- 
tor of the system into an eigenvector of that observable, and 
the value measured will be the eigenvalue of that eigenvec- 
tor". According to this interpretation every observable exists 
in a state of superposition of possible states, and observa- 
tion or the potential for knowledge causes the wavefunction 
corresponding to the possibilities to collapse into a definite. 

According to the quantum mechanical view, a moving 
particle is regarded as a wave group. To regard a moving 
particle as a wave group implies that there are fundamental 
limits to the accuracy with which such "particle" properties 
as position and momentum can be measured. Quantum pre- 
dicts that the particle may be located anywhere within its 
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wave group with a probability I 1 !'! 2 . An isolated wave group 
is the result of superposing an infinite number of waves with 
different wavelengths. The narrower the wave group, the 
greater range of wavelengths involved. A narrow de Broglie 
wave group thus means a well-defined position (Ax smaller) 
but a poorly defined wavelength and a large uncertainty Ap 
in the momentum of the particle the group represents. A 
wide wave group means a more precise momentum but a 
less precise position. The infamous Heisenberg uncertainty 
principle is a formal statement of the standard deviations of 
properties implicit in the probability model of fundamental 
particles. 

AxAp>|. (64) 

According to the standard interpretation of quantum me- 
chanics, the act of measuring the position or momentum 
of a quantum mechanical entity collapses the wave-particle 
duality because the principle forbids both quantities to be 
simultaneously known with precision. 

3. The wave-particle duality is not due to the uncertainty 
principle 

Quantum entities can behave like particles or waves, 
depending on how they are observed. They can be diffracted 
and produce interference patterns (wave behavior) when 
they are allowed to take different paths from some source 
to a detector — in the usual example, electrons or photons 
go through two slits and form an interference pattern on 
the screen behind. On the other hand, with an appropriate 
detector put along one of the paths (at a slit, say), the 
quantum entities can be detected at a particular place and 
time, as if they are point-like particles. But any attempt to 
determine which path is taken by a quantum object destroys 
the interference pattern. Richard Feynman described this as 
the central mystery of quantum physics. 

Bohr called this vague principle 'complementary*, and ex- 
plained it in terms of the uncertainty principle, put forward^ 
by Werner Heisenberg, his postdoc at the time. In an attempt 
to persuade Einstein that wave-particle duality is an essen- 
tia] part of quantum mechanics, Bohr constructed models of 
quantum measurements that showed the futility of trying to 
determine which path was taken by a quantum object in an 
interference experiment. As soon as enough information is 
acquired for this determination, the quantum interferences 
must vanish, said Bohr, because any act of observing will 
impart uncontrollable momentum kicks to the quantum ob- 
ject This is quantified by Heisenberg* s uncertainty princi- 
ple, which relates uncertainty in positional information to 
uncertainty in momentum — when the position of an en- 
tity is constrained, the momentum must be randomized to a 
certain degree. 

More than 60 years after the famous debate between 
Niels Bohr and Albert Einstein on the nature of quantum 



reality, a question central to their debate — the nature of 
quantum interference — has resurfaced. The usual textbook 
explanation of wave-particle duality in terms of unavoid- 
able 'measurement disturbances* is experimentally proven 
incorrect by an experiment reported by Durr et al. [12]. 
Durr et al. report on the interference fringes produced -when 
a beam of cold atoms is diffracted by standing waves of 
light. Their interferometer displayed fringes of high con- 
trast — but when they manipulated the electronic state 
within the atoms with a microwave field according to which 
path was taken, the fringes disappeared entirely. The in- 
terferometer produced a spatial distribution of electronic 
populations which were observed via fluorescence. The 
microwave field canceled the spatial distribution of elec- 
tronic populations. The key to this new experiment was that 
although the interferences are destroyed, the initially im- 
posed atomic momentum distribution left an envelope pat- 
tern (in which the fringes used to reside) at the detector. A 
careful analysis of the pattern demonstrated that it had not 
been measurably distorted by a momentum kick of the type 
invoked by Bohr, and therefore that any locally realistic 
momentum kicks imparted by the manipulation of the inter- 
nal atomic state according to the particular path of the atom 
are too small to be responsible for destroying interference. 



4. The correspondence principle does not hold 

Recent experimental results also dispel another doctrine 
of quantum mechanics [13,14]. Bohr proposed a rule of 
thumb called the correspondence principle [15]. A form of 
the principle widely repeated in textbooks and lecture halls 
states that predictions of quantum mechanics and classical 
physics should match for the most energetic cases. 

Bo Gao [13] calculates possible energy states of any 
chilled, two-atom molecule, such as sodium, that's vibrat- 
ing and rotating almost to the breaking point He performs 
the calculations via quantum mechanical and the so-called 
semi-classical methods and compares the results. Instead of 
the results agreeing better for increasingly energetic states. 
The opposite happens. 



5. Classical solution of the Schrodinger equation 

Mills has solved and published a solution of a Schrodinger 
type equation based on first principles [16]. The central 
feature of this theory is that all particles (atomic-size 
and macroscopic particles) obey the same physical laws. 
Whereas Schrodinger postulated a boundary condition: 
^ — ♦ 0 as r — ► oo, the boundary condition in Mills* theory 
was derived from Maxwell's equations [17]. 

For non-radiative states, the current-density function 
must not possess space-time Fourier components that 
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are synchronous with waves traveling at the speed of 
light. 

Application of this boundary condition leads to a physical 
model of particles, atoms, molecules, and, in the final anal- 
ysis, cosmology. The closed-form mathematical solutions 
contain fundamental constants only, and the calculated val- 
ues for physical quantities agree with experimental obser- 
vations. In addition, the theory predicts that Eq. (3), should 
be replaced by Eq. (65). 

n= 1,2,3,... and n= M>*> •• • ( 65 > 

Some revisions to standard quantum theory are implied 
Quantum mechanics becomes a real physical description as 
opposed to a purely mathematical model where the old and 
the revised versions are interchangeable by a Fourier trans- 
form operation [16]. 

The theories of Bohr, Schrodinger, and presently Mills all 
give the identical equation for the principal energy levels of 
the one-electron atom. 

= Z ^ =-^2.1786x 10-", 



y .v. 



(66) 



The Mills theory solves the two-dimensional wave equa- 
tion for the charge-density function of the electron. And, 
the Fourier transform of the charge-density function is a so- 
lution of the three-dimensional wave equation in frequency 
(A, co) space. Whereas, the Schrodinger equation solutions 
are three dimensional in spacetime. The energy is given by 



J — CO J— CO 

r 



^ 2 dv= 1. 



Thus, 



(67) 



(68) 



(69) 



In the case that the potential energy of the Hamiltonian, 
H y is a constant times the wavenumber, the Schrodinger 
equation is the well-known Bessel equation. Then with one 
of the solutions for \ff t Eq. (69) is equivalent to an inverse 
Fourier transform. According to the duality and scale change 
properties of Fourier transforms, the energy equation of the 
present theory and that of quantum mechanics are identical, 
the energy of a radial Dirac delta function of radius equal to 
an integer multiple of the radius of the hydrogen atom (Eq. 
(66)). Bohr obtained the same energy formula by postulating 
nonradiative states with angular momentum 



L z — mh 

and solving the energy equation classically. 



(70) 



The mathematics for all three theories converge to Eq. 
(66). However, the physics is quite different Only the Mills 
theory is derived from first principles and holds over a scale 
of spacetime of 45 orders of magnitude: it correctly predicts 
the nature of the universe from the scale of the quarks to 
that of the cosmos. 

Mills' revisions transform Schrodinger' s and Heisen- 
berg's quantum theory into what may be termed a classical 
quantum theory. Physical descriptions flow readily from the 
theory. For example, in the old quantum theory the spin 
angular momentum of the electron is called the "intrinsic 
angular momentum". This term arises because it is difficult 
to provide a physical interpretation for the electron's spin 
angular momentum. Quantum Electrodynamics provides 
somewhat of a physical interpretation by proposing that the 
'Vacuum" contains fluctuating electric and magnetic fields. 
In contrast, in Mills' theory, spin angular momentum re- 
sults from the motion of negatively charged mass moving 
systematically, and the equation for angular momentum, 
r x p, can be applied directly to the wave function (a 
current-density function) that describes the electron, and 
quantization is carried by the photon, rather than probability 
waves of the electron. 



6. Fractional quantum energy levels of hydrogen 

The nonradiative state of atomic hydrogen which is his- 
torically called the "ground state" forms the basis of the 
boundary condition of Mills' theory [16] to solve the wave 
equation. Mills further predicts [16] that certain atoms or 
ions serve as catalysts to release energy from hydrogen to 
produce an increased binding energy hydrogen atom called 
a hydrino atom having a binding energy of 

13.6eV 

Binding energy = — — — , (71) 
where 

n= rrr-p (72) 

and p is an integer greater than 1, designated as H[a»/p] 
where oh is the radius of the hydrogen atom. (Although it 
is purely mathematical, these stable energy levels are also 
given by both Bohr's and Schrodinger' s theories by postulat- 
ing integer values of the central charge. Justification may be 
based on notions such virtual particles which are acceptable 
in other applications of Schrodinger' s equation.) Hydrinos 
are predicted to form by reacting an ordinary hydrogen atom 
with a catalyst having a net enthalpy of reaction of about 



m • 272 eV, 



(73) 



where m is an integer. This catalysis releases energy from 
the hydrogen atom with a commensurate decrease in size of 
the hydrogen atom, r„ — na\\. For example, the catalysis of 
H(n = 1 ) to H(n = 1/2) releases 40.8 eV, and the hydrogen 
radius decreases from an to (1/2)oh. 
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It is taught in textbooks that atomic hydrogen cannot go 
below the ground state. Atomic hydrogen having an exper- 
imental ground state of 13.6 eV can only exist in a vacuum 
or in isolation, and atomic hydrogen cannot go below this 
ground state in isolation. However, there is no known com- 
position of matter containing hydrogen in the ground state 
of 13.6 eV. Atomic hydrogen is radical and is very reac- 
tive. It may react to form a hydride ion or compositions of 
matter. It is a chemical intermediate which may be trapped 
as many chemical intermediates may be by methods such 
as isolation or cryogenically. A hydrino atom may be con- 
sidered a chemical intermediate that may be trapped in vac- 
uum or isolation. A hydrino atom may be very reactive to 
form a hydride ion or a novel composition of matter. Hy- 
drogen at predicted lower energy levels, hydrino atoms, has 
been identified in the extreme ultraviolet emission spectrum 
from interstellar medium. In addition, new compositions of 
matter containing hydrogen at predicted lower energy levels 
have recently been observed in the laboratory, which energy 
levels are achieved using the novel catalysts. 

The excited energy states of atomic hydrogen are also 
given by Eq. (71 ) except that 

n= 1,2,3 (74) 

The n = 1 state is the "ground" state for "pure" photon 
transitions (the n = 1 state can absorb a photon and go to an 
excited electronic state, but it cannot release a photon and 
go to a lower energy electronic state). However, an electron 
transition from the ground state to a lower energy state is 
possible by a nonradiative energy transfer such as multipole 
coupling or a resonant collision mechanism. These lower 
energy states have fractional quantum numbers, n = 
1 /integer. Processes that occur without photons and that 
require collisions are common. For example, the exother- 
mic chemical reaction of H + H to form H2 does not occur 
with the emission of a photon. Rather, the reaction requires 
a collision with a third body, M, to remove the bond en- 
ergy — H + H + M — ► //■* + M* [18]. The third body 
distributes the energy from the exothermic reaction, and 
the end result is the H2 molecule and an increase in the 
temperature of the system. Some commercial phosphors are 
based on nonradiative energy transfer involving multipole 
coupling [19]. For example, the strong absorption strength 
of Sb 3+ ions along with the efficient nonradiative transfer 
of excitation from Sb 3 * to Mn 2+ , are responsible for the 
strong manganese luminescence from phosphors containing 
these ions. Similarly, the n = 1 state of hydrogen and the 
n = 1 /integer states of hydrogen are nonradiative, but a 
transition between two nonradiative states is possible via 
a nonradiative energy transfer, say n — 1 to 1/2. In these 
cases, during the transition the electron couples to another 
electron transition, electron transfer reaction, or inelastic 
scattering reaction which can absorb the exact amount of 
energy that must be removed from the hydrogen atom. 
Thus, a catalyst provides a net positive enthalpy of reaction 
of m • 27.2 eV (i.e. it absorbs m - 27.2 eV where m is an 



integer). Certain atoms or ions serve as catalysts which res- 
onantly accept energy from hydrogen atoms and release the 
energy to the surroundings to effect electronic transitions to 
fractional quantum energy levels. 

Once formed hydrinos have a binding energy given by 
Eqs. (71 ) and (72); thus, they may serve as catalysts which 
provide a net enthalpy of reaction given by Eq. (73). Also, 
the simultaneous ionization of two hydrogen atoms may 
provide a net enthalpy given by Eq. (73). Since the surfaces 
of stars comprise significant amounts of atomic hydrogen, 
hydrinos may be formed as a source to interstellar space 
where further transitions may occur. 

A number of experimental observations lead to the con- 
clusion that atomic hydrogen can exist in fractional quantum 
states that are at lower energies than the traditional "ground" 
(n = 1 ) state. For example, the existence of fractional quan- 
tum states of hydrogen atoms explains the spectral observa- 
tions of the extreme ultraviolet background emission from 
interstellar space [20], which may characterize dark matter 
as demonstrated in Table 2. (In these cases, a hydrogen atom 
in a fractional quantum state, H(n\) t collides, for example, 
with a n = 1/2 hydrogen atom, //(1/2), and the result is an 
even lower energy hydrogen atom, H(nt\ and H(\/2) is 
ionized. 

//(/ii) + //(£) — H(n f ) + H + +e- + photon. (75) 

The energy released, as a photon, is the difference between 
the energies of the initial and final states given by Eqs. (71 ) 
and (72) minus the ionization energy of H(\/2), 54.4 eV. 
The catalysis of an energy state of hydrogen to a lower 
energy state wherein a different lower energy state atom of 
hydrogen serves as the catalyst is called disproportionation 
by Mills [16]. 

7. Identification of lower energy hydrogen by soft 
X-rays from dark interstellar medium 

The first soft X-ray background was detected and reported 
[21] about 25 years ago. Quite naturally, it was assumed 
that these soft X-ray emissions were from ionized atoms 
within hot gases. In a more recent paper, a grazing incidence 
spectrometer was designed to measure and record the diffuse 
extreme ultraviolet background [20]. The instrument was 
carried aboard a sounding rocket and data were obtained 
between 80 and 650 A (data points approximately every 1.5 
A). Here again, the data were interpreted as emissions from 
hot gases. However, the authors left the door open for some 
other interpretation with the following statement from their 
introduction: 

It is now generally believed that this diffuse soft X-ray 
background is produced by a high-temperature compo- 
nent of the interstellar medium. However, evidence of 
the thermal nature of this emission is indirect in that it 
is based not on observations of line emission, but on 
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Table I 

Energies (Eq. (76)) of several fractional-state transitions catalyzed 
by H[oh/2] 







A£(eV) 


A (A) 


1/2 


1/3 


13.6 


912 


1/3 


1/4 


40.80 


303.9 


1/4 


1/5 


68.00 


182.4 


1/5 


1/6 


95.20 


130.2 


1/6 


1/7 


122.4 


101.3 


1/7 


1/8 


149.6 


82.9 



indirect evidence that no plausible non-thermal mech- 
anism has been suggested which does not conflict with 
some component of the observational evidence. 

The authors also state that "if this interpretation is 
correct, gas at several temperatures is present". Specifi- 
cally, emissions were attributed to gases in three ranges: 
5.5 < log T < 5.7; log T = 6; 6.6 < log T < 6.8. 

The explanation proposed herein of the observed dark 
interstellar medium spectrum hinges on the possibility of 
energy states below the n = 1 state, as given by Eqs. (71) 
and (72). Thus, lower energy transitions of the type 



AE 



x 13.6 eV - 54.4 eV 



1=1,5,5,;,... m & «i > »f- 



(76) 

induced by a disproportionation reaction with H[an/2] ought 
to occur. The wavelength is related to AE by 

WJU 1.240 x 10 4 

A(A)= A£(eV) ■ < 77 > 

The energies and wavelengths of several of these proposed 
transitions are shown in Table 1. Note that the lower energy 
transitions are in the soft X-ray region. 



8. The data and its interpretation 

In their analysis of the data, Labov and Bowyer [20] 
established several tests to separate emission features from 
the background. There were seven features (peaks) that 
passed their criteria. The wavelengths and other aspects of 
these peaks are shown in Table 2. Peaks 2 and 5 were inter- 
preted by Labov and Bowyer as instrumental second-order 
images of peaks 4 and 7, respectively. Peak 3, the strongest 
feature, is clearly a helium resonance line: HeOs^p 1 — ♦ 
Is 2 ). At issue here, is the interpretation of peaks 1, 4, 6, 
and 7. It is proposed that peaks 4, 6, and 7 arise from the 
1/3 -+ 1/4, 1/4 — 1/5, and 1/6 1/7 hydrogen atoms 
transitions given by Eq. (76). It is also proposed that peak 
1 arises from inelastic helium scattering of peak 4. That is, 
the 1/3 -* 1/4 transition yields a 40.8 eV photon (303.9 A). 



When this photon strikes He(ls 2 ), 21.2 eV is absorbed in 
the excitation to He(Is 1 2p I ). This leaves a 19.6 eV pho- 
ton (632.6 A), peak 1. For these four peaks, the agreement 
between the predicted values (Table 1 ) and the experimen- 
tal values (Table 2) is remarkable. 

One argument against this new interpretation of the data 
is that the transition 1/5 — ► 1/6 is missing — predicted at 
130.2 A by Eqs. (76) and (77). This missing peak cannot 
be explained into existence, but a reasonable rationale can 
be provided for why it might be missing from these data. 
The data obtained by Labov and Bowyer are outstanding 
when the region of the spectrum, the time allotted for data 
collection, and the logistics are considered. Nonetheless, it 
is clear that the signal-to-noise ratio is low and that con- 
siderable effort had to be expended to differentiate emis- 
sion features from the background. This particular peak, 
1/5 1/6, is likely to be only slightly stronger than the 
1/6 1/7 peak (the intensities, Table 2, appear to de- 
crease as n decreases), which has low intensity. Labov and 
Bowyer provided their data (wavelength, count, count er- 
ror, background, and background error). The counts minus 
background values for the region of interest, 130.2 ± 5 A, 
are shown in Table 3 (the confidence limits for the wave- 
length of about ±5 A are the single-side 1 confidence levels 
and include both the uncertainties in the fitting procedure 
and uncertainties in the wavelength calibration). Note that 
the largest peak (count - background) is at 129.64 A and 
has a counts - background = 8.72. The counts — background 
for the strongest signal of the other hydrino transitions are: 
n=l/3-l/4, 20.05;/i= 1/4-1/5, 1 1.36; /i= 1/6-1/7, 10.40. 
Thus, there is fair agreement with the wavelength and the 
strength of the signal. This, of course, does not mean that 
there is a peak at 1 30.2 A. However, it is not unreasonable to 
conclude that a spectrum with a better signal-to-noise ratio 
might uncover the missing peak. 

Another, and more important, argument against 
this new interpretation is the fact that the proposed 
fractional-quantum-state hydrogen atoms have not been 
detected before. There are several explanations. Firstly, 
the transitions to these fractional states must be forbid- 
den or must have very high activation energies — other- 
wise, all hydrogen atoms would quickly go to these lower 
energy states (an estimated transition probability, based 
on the Labov and Bowyer data, is be between 10~ 15 and 
10~ 17 s _l ). In actuality, a catalyst is required in order to 
obtain emission. Secondly, the number of hydrogen atoms 
(/i=l), the hydrogen-afom density, and the presence of an 
active catalyst under any conditions on Earth is exceeding 
low. The combination of extremely low population and 
extremely low transition probability makes the detection of 
these transitions especially difficult Thirdly, this is a very 
troublesome region of the electromagnetic spectrum for 
detection because these wavelengths do not penetrate even 
millimeters of the atmosphere (i.e. this region is the vac- 
uum ultraviolet which requires windowless spectroscopy at 
vacuum for detection). Lastly, no one previously has been 
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Tabic 2 

Emission features of the LaBov and Bowyer spectrum and their interpretation 



Peak 


X (A) 


Confidence 
limit 

(A) 


Intensity 

(photons cm~^ s — ' sr~ ') 


Assignment [20] 


Assignment [33] 


Predicted X 

(Eqs. (76) and (77)) 

(A) 


1 


633.0 


-4.7 to + 4.7 


19,000 


Cr + ; logT = 5.5 


He scattering of 


633.0 












303.9 line (peak 4) 






Ov / .J 


A O trt i A n 

— H.y to ~r *r.y 


Second order 


ocvunu urucr 


Second order 


ov/.o 










of 302.5 line 


of 303.9 line 




3 


584 


-4.5 to +4.5 


70,400 


He resonance 


He resonance 


584 










(ls^p 1 — Is 2 ) 


(ls'2p ! — Is 2 ) 




4 


302.5 


-6.0 to +5.9 


2,080 


He + ;(2p I - Is 1 ) 


n= 1/3-1/4 


303.9 


5 


200.6 


-4.4 to +5.3 


Second order 


Second order 


Second order 


202.6 










of 101.5 line 


of 101.3 line 




6 


181.7 


-4.6 to +5.1 


1030 


Fe» + and Fe I0+ ; 


n= 1/4-1/5 


182.3 










lo g r = 6 






7 


101.5 


-5J to +4.2 


790 


Fe l7+ and Fe I8+ ; 


n — 1/6—1/7 


101.3 










log T = 6.6 -6.8 







Table 3 

Data (Labov and Bowyer) near the predicted 1/5 — > 1/6 transition 
(130.2 A) 



/(A) 


Counts 


Background 


Counts— background 


125.82 


26 


21.58 


4.42 


127.10 


22 


21.32 


0.68 


128.37 


18 


19.50 


-1.50 


129.64 


29 


20.28 


8.72 


130.90 


18 


19.76 


-1.76 


132.15 


20 


19.50 


0.50 


133.41 


19 


19.50 


-0.50 


134.65 


19 


20.80 


-1.80 



actively searching for these transitions. The Chandra X-ray 
Observatory is scheduled to perform similar experiments 
with detection at much better signal to noise than obtained 
by Labov and Bowyer. 

9, Novel energy states of hydrogen formed by a catalytic 
reaction 

The catalysis of hydrogen involves the nonradiative trans- 
fer of energy from atomic hydrogen to a catalyst which may 
then release the transferred energy by radiative and nonra- 
diative mechanisms. As a consequence of the nonradiative 
energy transfer, the hydrogen atom becomes unstable and 
emits further energy until it achieves a lower energy nonra- 
diative state having a principal energy level given by Eqs. 
(71) and (72). 

Potassium ions can also provide a net enthalpy of a mul- 
tiple of that of the potential energy of the hydrogen atom. 
The second ionization energy of potassium is 31 .63 eV; and 
K + releases 4.34 eV when it is reduced to K. The combi- 
nation of reactions K + to K 2+ and K + to K, then, has a 
net enthalpy of reaction of 27.28 eV, which is equivalent to 



m = 1 in Eq. (73). 

27.28 eV + K + +K + +//|— 1 ->K + K 2+ +// , ° H 1 



+[(/>+ I) 2 -/> 2 ]13.6 eV, 

K + K 2+ — K + + K + 4- 27.28 eV. 
The overall reaction is 



(78) 



(79) 



(80) 

Typically, the emission of extreme ultraviolet light from 
hydrogen gas is achieved via a discharge at high voltage, a 
high-power inductively coupled plasma, or a plasma created 
and heated to extreme temperatures by RP coupling (e.g. 
> I0 6 K) with confinement provided by a toroidal mag- 
netic field. Intense EUV emission was observed by Mills 
et al. [22-27] at low temperatures (e.g. < 10 3 K) from 
atomic hydrogen and certain atomized pure elements or cer- 
tain gaseous ions which ionize at integer multiples of the 
potential energy of atomic hydrogen. The release of energy 
from hydrogen as evidenced by the EUV emission must re- 
sult in a lower energy state of hydrogen. The lower energy 
hydrogen atom called a hydrino atom by Mills [16] would 
be expected to demonstrate novel chemistry. The forma- 
tion of novel compounds based on hydrino atoms would 
be substantial evidence supporting catalysis of hydrogen as 
the mechanism of the observed EUV emission. A novel hy- 
dride ion called a hydrino hydride ion having extraordinary 
chemical properties given by Mills [16] is predicted to form 
by the reaction of an electron with a hydrino atom. Com- 
pounds containing hydrino hydride ions have been isolated 
as products of the reaction of atomic hydrogen with atoms 
and ions identified as catalysts in the Mills et al. EUV study 
[16,22-33]. The novel hydride compounds were identified 
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analytically by techniques such as time of flight secondary 
ion mass spectroscopy, X-ray photoelectron spectroscopy, 
and proton nuclear magnetic resonance spectroscopy. For 
example, the time of flight secondary ion mass spectroscopy 
showed a large hydride peak in the negative spectrum. The 
X-ray photoelectron spectrum showed large metal core level 
shifts due to binding with the hydride as well as novel 
hydride peaks. The proton nuclear magnetic resonance spec- 
trum showed significantly upfield shifted peaks which cor- 
responded to and identified novel hydride ions. 

10. Discussion 

The Schrddinger equation gives the observed sponta- 
neously radiative energy levels and the nonradiative state of 
hydrogen. On this basis alone, it is justified despite its in- 
consistency with physicals laws and numerous experimental 
observations such as 

• The appropriate eigenvalue must be postulated and the 
variables of the Laguerre differential equation must be 
denned as integers in order to obtain the Rydberg formula. 

• The Schrddinger equation is not Lorentzian invariant 

• The Schrddinger equation violates first principles includ- 
ing special relativity and Maxwell's equations [16,34]. 

• The Schrddinger equation gives no basis why excited 
states are radiative and the 13.6 eV state is stable [16]. 

• The Schrddinger equation solutions (Eqs. (36) and (37)), 
predict that the ground state electron has zero angular 
energy and zero angular momentum, respectively. 

• The Schrddinger equation solution (Eq. (37)) predicts 
that the ionized electron may have infinite angular mo- 
mentum. 

• The Schrddinger equation solutions (Eqs. (36) and (37)), 
. predict that the excited state rotational energy levels are 

nondegenerate as a function of the £ quantum number 
even in the absence of an applied magnetic field, and 
the predicted energy is over six orders of magnitude of 
the observed nondegenerate energy in the presence of a 
magnetic field. In the absence of a magnetic field, no 
preferred direction exists. In this case, the £ quantum 
number is a function of the orientation of the atom with 
respect to an arbitrary coordinate system. Therefore, the 
nondegeneracy is nonsensical and violates conservation 
of angular momentum of the photon. 

• The Schrddinger equation predicts that each of the func- 
tions that corresponds to a highly excited state electron 
is not integrable and cannot be normalized; thus, each is 
infinite. - 

• The Schrddinger equation predicts that the ionized elec- 
tron is sinusoidal over all space and cannot be normal- 
ized; thus, it is infinite. 

• The Heisenberg uncertainty principle arises as the stan- 
dard deviation in the electron probability wave, but ex- 
perimentally it is not the basis of wave-particle duality. 



• The correspondence principle does not hold experimen- 
tally. 

© The Schrddinger equation does not predict the electron 
magnetic moment and misses the spin quantum number 
all together. 

• The Schrddinger equation is not a wave equation sincelt 
gives the velocity squared proportional to the frequency. 

• The Schrddinger equation is not consistent with conser- 
vation of energy in an inverse potential field wherein the 
binding energy is equal to the kinetic energy and the sum 
of the binding energy and the kinetic energy is equal to 
the potential energy [2]. 

• The Schrddinger equation permits the electron to exist in 
the nucleus which is a state that is physically nonsensical 
with infinite potential energy and infinite negative kinetic 
energy. 

• The Schrddinger equation interpreted as a probability 
wave of a point particle cannot explain neutral scattering 
of electrons from hydrogen [ 1 6], 

• The Schrddinger equation interpreted as a probability 
wave of a point particle gives rise to infinite magnetic and 
electric energy in the corresponding fields of the electron. 

• A modification of the Schrddinger equation was 
developed by Dirac to explain spin which relies on 
the unfounded notions of negative energy states of the 
vacuum, virtual particles, and gamma factors. 

The success of quantum mechanics can be attributed 
to ( 1 ) the lack of rigor and unlimited tolerance to ad hoc 
assumptions in violation of physical laws, (2) fantastical 
experimentally immeasurable corrections such as virtual 
particles, vacuum polarizations, effective nuclear charge, 
shielding, ionic character, compactified dimensions, and 
renormalization, and (3) curve fitting parameters that are 
justified solely on the basis that they force the theory to 
match the data. Quantum mechanics is now in a state of 
crisis with constantly modified versions of matter repre- 
sented as undetectable minuscule vibrating strings that exist 
in many unobservable hyperdimensions, that can travel 
back and forth between undetectable interconnected paral- 
lel universes. And, recent data shows that the expansion of 
the universe is accelerating. This observation has shattered 
the long held unquestionable doctrine of the origin of the 
universe as a big bang [35]. It may be time to reconsider 
the roots of quantum theory, namely the theory of the hy- 
drogen atom. Especially in light of the demonstration that 
the hydrogen atom can be solved in closed form from first 
principles, that new chemistry is predicted, and that the 
predictions have substantial experimental support. 

Billions of dollars have been spent to harness the energy of 
hydrogen through fusion using plasmas created and heated to 
extreme temperatures by RF coupling (e.g. > 10 6 K) with 
confinement provided by a toroidal magnetic field. Mills et 
al. [22-27] Ijave demonstrated that energy may be released 
from hydrogen using a chemical catalyst at relatively low 
temperatures with an apparatus which is of trivial techno- 
logical complexity compared to a tokomak. And, rather 
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than producing radioactive waste, the reaction has the poten- 
tial to produce compounds having extraordinary properties 
[2&-33J. The implications are that a vast new energy 
source and a new field of hydrogen chemistry have been 
discovered. 
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1. INTRODUCTION 

BlackLight Power, Inc. (the Company), a Delaware corporation based in its 53,000 
sq. ft. headquarters in Cranbury, New Jersey, believes it has developed a new hydrogen 
chemical process that generates power, plasma (a hot ionized glowing gas), and a vast 
class of new compositions of matter. Specifically, the Company has designed and tested a 
new proprietary energy-producing chemical process. The Company has developed high- 
power density, high-temperature, hydrogen gas cells that produce intense light, power of 
orders of magnitude greater than that of the combustion of hydrogen at high temperatures, 
and power densities equal to those of many electric power plants. The Company is 
focusing on cells for generating light and plasma for lighting applications and direct 
conversion to electricity, respectively. 

The cells generate energy through a chemical process (BlackLight Process) which the 
Company believes causes the electrons of hydrogen atoms to drop to lower orbits thus 
releasing energy in excess of the energy required to start the process. The lower-energy 
atomic hydrogen product of the BlackLight Process reacts with an electron to form a 
hydride ion which further reacts with elements other than hydrogen to form novel 
compounds called hydrino hydride compounds (HHCs) which are proprietary to the 
Company. The Company is developing the vast class of proprietary chemical compounds 
formed via the BlackLight Process. Its technology has far-reaching applications in many 
industries. 

The power may be in the form of a plasma, a hot ionized glowing gas. The plasma 
may be converted directly to electricity with high efficiency using a known microwave 
device called a gyrotron, thus, avoiding a heat engine such as a turbine. The Company is 



* Randell L Mills, President, BlackLight Power, Inc., 493 Old Trenton Road, Cranbury, NJ 0851 2, Phone: 
609-490-1090, e-mail: rmillsfgblacklightoower.com : www.blacklightpower.com 



1 



2 



RAN DELL L. MILLS 



working on direct plasma to electricity conversion. The device is linearly scaleable from 
the size of hand held units to large units which could replace large turbines. 

There are many advantages of the technology. The energy balance permits the use of 
electrolysis of water to split water into its elemental constituents of hydrogen and oxygen 
as the source of hydrogen fuel using a small fraction of the output electricity. 
Additionally, pollution produced by fossil and nuclear fuels should be eliminated since no 
green house gases, air pollutants, or hazardous wastes are produced. As no fossil fuels are 
required, the projected commercial operating costs are much less than that of any known 
competing energy source. 

The Company's process may start with water as the hydrogen source and convert it to 
HHCs; whereas, fuel cells typically require a hydrocarbon fuel and an expensive reformer 
to convert hydrocarbons to hydrogen and carbon dioxide. The Company's plasma to 
electric conversion technology with no reformer, no fuel cost, creation of a valuable 
chemical by-product rather than pollutants such as carbon dioxide, and significantly lower 
capital costs and operating and maintenance (O&M) costs are anticipated to result in 
household units that are competitive with central power and significantly superior to 
competing microdistributed power technologies such as fuel cells. 

2. THE BLACKLIGHT PROCESS 

Based on physical laws of nature, Dr. Mills theory predicts that additional lower 
energy states are possible for the hydrogen atom, but are not normally achieved because 
transitions to these states are not directly associated with the emission of radiation. Thus, 
the ordinary hydrogen atom as well as lower-energy hydrogen atoms (termed hydrinos by 
Dr. Mills) are stable in isolation. Mills theory further predicts that hydrogen atoms can 
achieve these states by a radiationless energy transfer with a nearby atom, ion, or 
combination of ions (a catalyst) having the capability to absorb the energy required to 
effect the transition. Radiationless energy transfer is common. For example, it is the basis 
of the performance of the most common phosphor used in fluorescent lighting. Thus, the 
Company believes hydrogen atoms can be induced to collapse to a lower-energy state, 
with release of the net energy difference between states. Successive stages of collapse of 
the hydrogen atom are predicted, resulting in the release of energy in amounts many times 
greater than the energy released by the combustion of hydrogen. Since the combustion 
energy is equivalent to the energy required to liberate hydrogen from water, a process 
which takes water as a feed material and produces net energy is possible. The equivalent 
energy content of water would thus be several hundred to several thousand times that of 
crude oil, depending on the average number of stages of collapse. 

The Company is the pioneer of technology based on the chemical process of 
releasing further chemical energy from hydrogen called the "BlackLight Process." More 
specifically, energy is released as the electrons of hydrogen atoms are induced by a 
catalyst to transition to lower-energy levels (i.e. drop to lower base orbits around each 
atom's nucleus) corresponding to fractional quantum numbers. The lower energy atomic 
hydrogen product is called "hydrino," and the hydrogen catalyst to form hydrino is called 
a "transition catalyst." As hydrogen atoms are normally found bound together as 
molecules, a hot dissociator is used to break hydrogen molecules into individual hydrogen 
atoms. A vaporized catalyst then causes the normal hydrogen atoms to transition to lower- 
energy states by allowing their electrons to fall to smaller radii around the nucleus with a 
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release of energy that is intermediate between chemical and nuclear energies. The 
products are power, plasma, light, and novel HHCs. 

The catalysts used and the BlackLight Process are the proprietary intellectual 
property of the Company. The theory, data, and analysis supporting the existence of this 
new form of energy have been made publicly available. 1 " 15 Also see the BlackLight Power 
web page: www.blacklightpower.com. Laboratory scale devices demonstrating means of 
extracting the energy have been operated at the Company and at independent laboratories. 
Results to date indicate that the process can eventually provide economically competitive 
products in a wide range of applications including lighting, thermal, and electric power 
generation. The Company's gas energy cells, even in prototype stage, are frequently 
operating at power densities and temperatures equivalent to those of many coal fired 
electric power plants and produce about 100 times the energy of the combustion of the 
hydrogen fuel. The plasma is permissive of a direct plasma to electricity conversion 
technology as well as the production of electricity by conventional heat engines. The 
Company currently believes that the scale-up of energy cells to commercial power 
generation level will require mainly the application of existing industry knowledge in 
catalysis and power engineering. 

The lower-energy atomic hydrogen product of the BlackLight Process reacts with an 
electron to form a hydride ion which further reacts with elements other than hydrogen to 
form novel compounds which are proprietary to the Company. The Company is 
developing the vast class of proprietary chemical compounds formed via the BlackLight 
Process. Test results indicate that the properties of HHCs are rich in diversity due to their 
extraordinary binding energy (i.e. the energy required to remove an electron which 
deterrnines the chemical reactivity and properties). This new class of matter may be 
comparable to carbon in terms of the possibilities of new compositions of matter. Carbon' 
is a base element for many useful compounds ranging from diamonds, to synthetic fibers, 
to liquid gasoline, to pharmaceuticals. The Company believes hydrino hydride ions have 
the potential to be as useful as carbon as a base "element." The novel compositions of 
matter and associated technologies have far-reaching applications in many industries 
including the chemical, lighting, computer, defense, energy, battery, propellant, 
munitions, surface coatings, electronics, telecommunications, aerospace, and automotive 
industries. The Company is focusing on developing a high voltage battery and silane 
materials based on the novel hydride chemical products. Many additional applications of 
the chemical compounds are possible. 

2.1 Validation 

Based on the solution of a Schrodinger-type wave equation with a nonradiative 
boundary condition based on Maxwell's equations, Mills 1 * 15 predicts that atomic hydrogen 
may undergo a catalytic reaction with certain atomized elements or certain gaseous ions 
which singly or multiply ionize at integer multiples of the potential energy of atomic 
hydrogen, 27.2 eV. 

For example, potassium ions can provide a net enthalpy of a multiple of that of the 
potential energy of the hydrogen atom. The second ionization energy of potassium is 
31.63 eV, and ^* releases 4.34 eKwhen it is reduced to K. 16 The combination of reactions 
}C to K 2+ and fC to K, then, has a net enthalpy of reaction of 27.28 eV. 

The reaction involves a nonradiative energy transfer to form a hydrogen atom that is 
lower in energy than unreacted atomic hydrogen. The product hydrogen atom has an 
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energy state that corresponds to a fractional principal quantum number. Recent analysis of 
mobility and spectroscopy data of individual electrons in liquid helium show direct 
experimental confirmation that electrons may have fractional principal quantum energy 
levels. 14 The lower-energy hydrogen atom is a highly reactive intermediate which further 
reacts to form a novel hydride ion. Single line emission from the excited catalyst ion 
having accepted the energy from atomic hydrogen has been observed with the emission 
from the predicted hydride ion product. 15 Thus, the catalytic reaction with the formation 
the novel hydride ions is confirmed spectroscopically. 

Typically, the emission of extreme ultraviolet (EUV) light from hydrogen gas is 
achieved by a discharge at high voltage, a high power inductively coupled plasma, or in 
hot fusion research, a plasma is created and heated by radio waves to 10s of millions of 
degrees with confinement of the hot plasma by a toroidal (donut shaped) magnetic field. 
The Company has observed intense EUV emission at low temperatures from atomic 
hydrogen and certain atomized pure elements or certain gaseous ions which ionize at 
integer multiples of the potential energy of atomic hydrogen. The Company has tested 
over 130 elements and compounds which covers essentially all of the elements of the 
periodic chart. The chemical interaction of catalysts with atomic hydrogen at temperatures 
below 1000 K has shown surprising results in terms of the emission of the Lyman and 
Balmer lines 2 " 7 (atomic hydrogen emission ten times more energetic than the combustion 
of hydrogen), emission of lines corresponding to lower-energy hydrogen states and the 
corresponding hydride ions, and the formation of novel chemical compounds. 8 " 13 

Over 20 independent labs have performed 25 types of analytical experiments that 
confirm the Company's novel catalytic reaction of atomic hydrogen which produces an 
anomalous discharge or plasma and produces novel hydride compounds. 2 " 13 

Experiments that confirm the novel hydrogen chemistry include extreme ultraviolet 
(EUV) spectroscopy, plasma formation, power generation, and analysis of chemical 
compounds. For example: 

1 . Pennsylvania State University Chemical Engineering Department has determined 
heat production associated with hydrino formation with a Calvet calorimeter that showed 
the generation of 10 7 J /mole of hydrogen, as compared to 2.5X10 5 J/mole of hydrogen 
anticipated for standard hydrogen combustion. 17 Thus, the total heats generated appear to 
be 100 times too large to be explained by conventional chemistry, but the results are 
completely consistent with Mills model. 

2. Lines observed by EUV spectroscopy could be assigned to transitions of atomic 
hydrogen to lower-energy levels corresponding to lower-energy hydrogen atoms and to 
the emission from the excitation of the corresponding hydride ions. 4 

For example, the product of the catalysis of atomic hydrogen with potassium metal, 
H[aH/4] may serve as both a catalyst and a reactant to form H[a H /3] and H[a H /6]. The 
transition of H[aH/4] to H[a^6] induced by a multipole resonance transfer of 54.4 eV 
(2*27.2 eV) and a transfer of 40.8 eKwith a resonance state of Hfa^] excited in HOh/4] 
is represented by U[a^/A\ + U[a H /4] — H[au/6] + H[<zh/3] + 176.8 eV. 

The predicted 176.8 eV (70.2 A) photon is a close match with the 73.0 A line 
observed by a team headed by Dr. Johannes P. F. Conrads, then Director and Chairman of 
the Board, of Institut Fur Niedertemperatiir-Plasmaphysik e.V. and the Ernst-Moritz 
Arndt-Univeristat Greifswald ("INP"), a top plasma physics laboratory in Greifswald, 
Germany. The energy of this line emission corresponds to an equivalent temperature of 
1,000,000 °C and an energy over 100 times the energy of combustion of hydrogen. 
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3. Observation of intense extreme ultraviolet (EUV) emission has been reported at low 
temperatures (eg. - 10* K) from atomic hydrogen and certain atomized elements or certain 
gaseous ions. The only pure elements that were observed to emit EUV were those 
wherein the ionization of t electrons from an atom to a continuum energy level is such that 
the sum of the ionization energies of the t electrons is approximately m-212 eV where / 
and m are each an integer. Potassium, cesium, and strontium atoms and Rb + ion ionize at 
integer multiples of the potential energy of atomic hydrogen and caused emission. 
Whereas, the chemically similar atoms, sodium, magnesium, and barium do not ionize at 
integer multiples of the potential energy of atomic hydrogen and caused no emission. 

4. An energetic plasma in hydrogen was generated using strontium atoms as the 
catalyst. The plasma formed at 1 % of the theoretical or prior known voltage requirement 
with 4,000-7,000 times less power input power compared to noncatalyst controls, 
sodium, magnesium, or barium atoms, wherein the plasma reaction was controlled with a 
weak electric field. 2, 7 

5. An anomalous plasma with hydrogen/potassium mixtures has been reported 
wherein the plasma decayed with a two second half-life which was the thermal decay time 
of the filament which dissociated molecular hydrogen to atomic hydrogen when the 
electric field was set to zero. 5 " 6 This experiment showed that hydrogen line emission was 
occurring even though the voltage between the heater wires was set to and measured to be 
zero and indicated that the emission was due to a reaction of potassium atoms with atomic 
hydrogen which confirms a new chemical source of power. 

Reports of the formation of novel compounds provide substantial evidence! 
supporting a novel reaction of hydrogen as the mechanism of the observed EUV emission 
and anomalous discharge. Novel hydrogen compounds have been isolated as products of 
the reaction of atomic hydrogen with atoms and ions identified as catalysts in the reported 
EUV studies. 2 ' 13 Novel inorganic alkali and alkaline earth hydrides of the formula MH* 
and MH* X wherein M is the metal, X, is a singly negatively charged anion, and H* 
comprises a novel high binding energy hydride ion were synthesized in a high temperature 
gas cell by reaction of atomic hydrogen with a catalyst such as potassium metal and MH, 
MX or MX 2, corresponding to an alkali metal or alkaline earth metal compound, 
respectively. 8 ' 11 Novel hydride compounds were identified by (1) time of flight secondary 
ion mass spectroscopy which showed a dominate hydride ion in the negative ion 
spectrum, (2) X-ray photoelectron spectroscopy which showed novel hydride peaks and 
significant shifts of the core levels of the primary elements bound to the novel hydride 
ions, (3) proton nuclear magnetic resonance spectroscopy (NMR) which snowed 
extraordinary upfield chemical shifts compared to the NMR of the corresponding ordinary 
hydrides, and (4) thermal decomposition with analysis by gas chromatography, and mass 
spectroscopy which identified the compounds as hydrides. 8, 1 

An upfield shifted NMR peak is consistent with a hydride ion with a smaller radius as 
compared with ordinary hydride since a smaller radius increases the shielding or 
diamagnetism. Thus, the NMR shows that the hydride formed in the catalytic reaction has 
been reduced in distance to the nucleus indicating that the electrons are in a lower-energy 
state. Compared to the shift of known corresponding hydrides the NMR provides direct 
evidence of reduced energy state hydride ions. 

The NMR results confirm the identification of novel hydride compounds MH*X t 
MH* , and MH 2 * wherein M is the metal, H, is a halide, and H* comprises a novel high 
binding energy hydride ion. For example, large distinct upfield resonances were observed 
at -4.6 ppm and -2.8 ppm in the case of KH*Cl and K//*, respectively. Whereas, the 
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resonances for the ordinary hydride ion of KH were observed at 0.8 and 1.1 ppm. The 
presence of a halide in each compound MH*X does not explain the upfield shifted NMR 
peak since the same NMR spectrum was observed for an equimolar mixture of the pure 
hydride and the corresponding alkali halide (MH/MX) as was observed for the pure 
hydride, MH. The synthesis of novel hydrides such as KH* with upfield shifted peaks 
prove that the hydride ion is different from the hydride ion of the corresponding known 
compound of the same composition. The reproducibility of the syntheses and the results 
from independent laboratories confirm the formation of novel hydride ions. 

3. BUSINESS UNITS 

The Company believes that it has created a commercially competitive new source of 
energy, a new source of plasma which releases rather than consumes energy, a new source 
of light, and a revolutionary new field of hydrogen chemistry. With its achievements of a 
sustained 100,000+ °C plasma of hydrogen with essentially no power input to its power 
cell and synthesis of over 40 novel compounds in bulk with extraordinary properties the 
Company is focusing on product development. Initial target products are a direct plasma 
to electric power cell targeted at the residential and commercial microdistributed markets 
and the premium power market. Additional market objectives for the plasma and 
chemistry technologies are lighting sources, a high voltage battery to power portable 
electronics and electric vehicles, and chemical products and processes based on silicon 
and hydrino chemistry. 

The Company has two basic business units — power and chemical. The plasma- 
electric technology may represent a near-term huge energy market. But, in the case of a 
large central power plant, the Company estimates that the potential revenues from the 
chemicals produced with power generation may eclipse the electricity sales. However, 
both offer extraordinary potential revenue and profit. Since enormous power (easily 
convertible to electricity) is a product of the BlackLight Process, the two units can 
operate in tandem seamlessly. 

The priorities of the Company's power business is the residential and commercial 
microdistributed markets and the premium power market based on its plasma-electric 
power cell technology. The time to market should be near term for these relatively small- 
scale, simple devices that are projected to be inexpensive to manufacture, service, and 
use, and vastly superior to competing technologies such as internal combustion engine 
gensets, fuel cells, and microturbines. Selected statistics on electric generation are given 
in Table 1. 

Early adopters of BlackLight power systems are expected to be those that require 
premium power generated on-site. The premium power market* includes businesses 
where brief electrical outages can cause severe monetary loss: telecommunications sites, 
computer centers, server hotels, e-commerce centers, semiconductor fabrication facilities, 
and others. The market size was estimated to be 30,000 MW in 1999 and growth to be 
multiples of the entire energy market rate. 18 " 19 The Glider Group and Stephens Inc. 



*The premium power market is also known as the 9's market and the powercosm market. Utility grids provide 
99.9% reliability, or 8 hours of disruption per year. For the Internet economy even small fractions of a second 
can cost millions of dollars. In high technology manufacturing industries even hours of disruption can shut 
down operations for days, again costing millions. More reliability is measured in %, the more 9's required 
(99.999...%), the smaller the fractions of a second power is disrupted, and the more valuable the power. 
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Table 1. Statistics on electric generation. 



US Electric Market 

• $217 billion in annual US sales (1998). 

• 43% Residential 

• 32% Commercial 

• 22% Industrial 

• 5% Other 



Table 2. Competitive Advantages 
of The BlackLight Power Process. 



Cost Per KWH of Alternative Energy 
Sources 



Coal 



4-5 0 
4-5 0 

4- 5 0 

5- 6 0 

4- 7 0 

5- 8 0 
5-9 0 

10-12 0 
30-40 0 
<10 



Capital Expenditures Required to Meet New 



Natural Gas 
Oil 



Generation Demand 

♦ Estimated at $90 Billion Globally with 
10% in US in 1999 

* $21 Billion will be spent on Premium 
Power in 2000 

• $30 Billion in 2002 

* $50 Billion in 2005 



Nuclear Power 



Hydroelectric 
Geo thermal 
Wind 



Photovoltaic 
BlackLight * 



Solar 



Premium Power Consumption/Demand 

• Estimated to be 30,000 MW in 1999 

• Estimated to be 500,000 MW in 2000 

• Double digit growth expected over next 
five years 



*Cost figures include operating, 
maintenance, capital generating expense of 
plasma-electric system (Source: EPRI, 
BLP) 



estimates 20 ' 21 that this market is 15% of the current US energy market; and will be 30- 
50% within 3-5 years as the internet economy build-out continues. This market is 
characterized by early adoption of emerging technologies and an insensitivity to cost. For 
example, a typical rate is over $1,000 per kWh rate and the rate for the upper-end of the 
reliability scale, six 9's reliable power, is about $1 million per kWh compared to 5 0 per 
kWh for three 9's power supplied by the grid. The premium power market is a multi- 
billion dollar market The current equipment market is $21 billion in hardware alone and 
is projected to ellipse the profitability of the entire utility market in the near term 22 

BlackLight's Energy Systems design advantages are: virtually instantaneous turn 
on/off, simplicity, easy logistics, low capital cost, low operational and maintenance cost, 
easy redundancy (for reliability), and no pollution. With our current design, BlackLight 
projects capital costs around $25-100 per kW, and very low generation cost (<$0.01 per 
kWh). This is lower than competitive solutions, but in this market segment cost is not a 
driver. Our chief competitors are reciprocating engine-based gensets built by Catapillar, 
Cummins, and others. Additional competition might be from newer entrants: microtur- 
bines and fuel cells. The former competitors, fossil-fueled engines, have an advantage 
because they are an incumbent technology, but they will not be able to significantly 
improve their reliability, have a short lifetime, do not meet pollution requirements, and 
can not reduce their O&M costs to be competitive with our solution. The latter competi- 
tors have a slight advantage in name recognition relative to BlackLight, but microturbines 
and fuel cells are not suited for the premium power market. Fuel cells and turbine systems 
take too long to start up, and are difficult to harmonize with grid-supplied power. Thus 
they are ineffective at improving power reliability. 

Due to superior performance of its technology, the Company expects early adoption 
by the premium power market with expansion into the broader microdistributed market. 
The broader market which includes hundreds of millions of homes and businesses in the 
US and Europe will be drawn by significant cost savings and increasing unreliability of 
the grid with a lack of viable microdistributed alternatives. The populace of the third 
world, particularly Asia, represents a further enormous market opportunity for which 
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BlackLight technology is particularly suited, since in addition to very low capital and 
O&M costs, no fuel or electrical grid infrastructure is required. 

In terms of its development strategy for large scale systems, the Company has 
decided to focus on developing the chemical business unit as a first priority over large 
power plants. In addition to the possibility of larger revenue, the chemical business offers 
several other initial advantages. A power generation plant based on thermal energy would 
have to be scaled-up while maintaining current or higher levels of power density before it 
could be commercialized. Scaling up to a power plant of very large proportions has engi- 
neering risks. While there are engineering risks associated with the scale-up for chemical 
production, they are not as daunting. Some potential product areas such as electronics are 
projected to have very high value in small quantity. Moreover, in terms of gaining wide- 
spread scientific and commercial acceptance for the BlackLight Process, it is relatively 
easy to validate the properties of a chemical compound. A solid chemical compound is a 
product that can be examined directly and its existence proven unequivocally — it either 
exists or it doesn't. This also means that its patents are well defined and easy to defend. 
The products are much more diverse, so broad industry adoption is anticipated. 

In addition to direct cell power to electric power conversion, thermal power from the 
plasma produced by the BlackLight Process may be converted to electricity by powering 
a turbine. Contemporary central station thermal generation systems have been optimized 
to match their respective thermal sources. Since BlackLight-technology is not combustion 
or nuclear, an opportunity exists to dramatically reduce the complexity of the generation 
station. The BlackLight Process may be used as a thermal source for central or distributed 
power through use of a modified steam or gas turbine. The BlackLight adaptation of the 
steam-based system replaces the heat source of the boiler with the gas cell. The 
BlackLight adaptation of the gas turbine replaces the combustor of a conventional 
machine with a gas cell and a heat exchanger incorporating the BlackLight Process. High 
pressure air from the compressor is heated by the BlackLight energy cell heat exchanger 
before expanding through the power turbine. The exhaust would contain no combustion 
products. With energy production from hydrogen at a hundred times combustion energy, 
fuel cost would become an inconsequential consideration, and refueling intervals would 
be consistent with other maintenance. Alternatively, an on-site electrolysis system 
producing hydrogen from water could provide unlimited fuel with periodic additions of 
small quantities of water. 

A typical chemical plant is projected to produce 100 MW electric power as a side 
product. Power and chemical cells may be fabricated using readily available materials, 
and systems such as steam or gas turbine systems are scalable over a large range [e.g. 
distributed units (1 MW) to central power plants (1 GW)]. The projected cost for a 
combined chemical and energy plant is about $250/kW. The two fiinctions could work 
seamlessly together and generate a dual income stream with a reduction of business risk. 
Rather than producing nuclear or fossil fuel waste which requires disposal, the BlackLight 
chemical plant will produce HHCs which have potential for far-reaching applications in 
many industries such as batteries for electric vehicles at significant earnings. For example, 
a 100 MW chemical plant is projected to produce $300 M in electric vehicle battery 
revenue from 200,000 batteries with $23 M from electricity sales at 3 i kWh. 
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4. SOLUTION TO THE ENERGY PROBLEM? 

The world's current energy system is unsustainable. Furthermore, the world's current 
energy system is not sufficiently reliable or affordable to support widespread economic 
growth. The productivity of one-third of the world's peoples is compromised by lack of 
access to commercial energy, and perhaps another third suffer economic hardships and 
insecurity due to unreliable energy supplies. 23 

Solar and wind power are prohibitively expensive. Billions of dollars have been spent 
to harness the energy of hydrogen through hot fusion using extremely hot plasmas created 
with enormous energy input using complex, expensive systems. By contrast, the Com- 
pany's reactions indicate that over 100 times the energy of its combustion is released from 
hydrogen with the formation of a plasma as a by-product at relatively low temperatures 
with simple, inexpensive systems. And, in the Company's reactors, the plasma may be 
converted directly to electricity with high efficiency avoiding a heat engine such as a 
turbine. In addition, rather than producing radioactive waste, the BlackLight Process 
produces compounds having extraordinary properties. The implications are that a vast 
new energy source and a new field of hydrogen chemistry have been discovered. 

The advantages of the BlackLight process over existing energy forms, such as fossil 
fuels and nuclear power, include: (1) the water, which is the fuel for the process, is safe 
and inexpensive to contain; (2) the reaction is prospectively easily controlled; and (3) the 
byproduct, HHCs, have great potential commercial value. The projection of the capital 
cost per kilowatt capacity of a gyrotron system may be an order of magnitude less than 
that of the typical capital cost for a fossil fuel system and two orders of magnitude less 
than that of the typical capital cost for a nuclear system. The power cell may also be 
interfaced with conventional steam-cycle or gas turbine equipment used in fossil fuel 
power plants. In either case, fuel costs are eliminated since the fuel, hydrogen, can be 
generated by a fraction of the electrical output power. The cost factors per kilowatt/hour 
are the capital, maintenance and operation costs of the gas cell and plant. These costs are 
further reduced by elimination of the costs of handling fossil fuels and managing the 
pollution of the air, water, and ground caused by the ash generated by fossil fuels. 

4.1. BlackLight Distributed Generation 

Central station generation and distribution, the mainstay of electrical power 
production for the last 100 years worldwide, is now being supplemented in an increasing 
number of areas by smaller power units closer to the end-user group. Most distributed- 
generation units are in the capacity range of 100 kW-3 MW (electric), but some could be 
as large as 250 MW (electric). Distributed generation solves some of centralized power's 
inherent problems of transmission and distribution line losses, electromagnetic pollution 
fears from high-tension lines, cost and difficulty of transmission-line maintenance, and 
inefficiencies in load factor design of power plants (wherein the use of a 20% capacity 
safety factor is still a common industry practice when estimating peak loading). The 
Company's technology may be ideal for distributed generation with significant reductions 
in grid complexity and generation capital equipment requirements. 

The Company projects that the residential market may be broadly served by a 25 kW 
unit, and the commercial market may be broadly served by modular 1 MW units. This 
approach may replace the grid since in addition to avoidance of line losses, a major 
economic advantage of distributed power is the avoidance of transmission tariffs which 
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could amount to 50% of the cost of electricity to a customer. Using BlackLight's 
distributed power generation technology, considerable savings can be realized by 
eliminating the transmission and distribution capital equipment, operations, and 
maintenance costs. Also, energy can be saved, given that electricity "demand" also 
includes substantial transmission and distribution losses from the traditional central- 
station type power generation systems. These considerations are important considerations 
for developing nations. 

As the world's population grows from about 6 billion (in 1999) to an estimated 7 
billion by 2010, most of the new energy demand will come from less-developed countries 
(LDCs), as these countries' living standards increase. LDC energy demand has long been 
answered by economic development programs generally aimed at the development of 
large, central-station power plants. These do not adequately address the thermal and 
lighting needs of the half the world's population which is poor, many of whom still usie 
carbon fuels for these purposes. The solution for LDCs may be distributed power 
facilitated by BlackLight Power technology since no fuel, power plant, or transmission 
grid infrastructure is required. 



5. BLACKLIGHT POWER TECHNOLOGY— A NEW PARADIGM IN ENERGY 
AND ELECTRICITY GENERATION 

The products of the BlackLight Process are power, plasma, light, and novel HHCs. 
Using advanced catalysts in its gas power cell, the Company has sustained an energetic 
plasma in hydrogen at 1% of the theoretical or prior-known voltage requirement and with 
1000's of times less power input in a system wherein the plasma reaction is controlled 
with a weak electric field. A plasma is a very hot, glowing, ionized gas. The plasma is 
produced from reactions which release energies over 100 times the energy of the 
combustion of hydrogen and correspond to an equivalent electron temperature of over 
1,000,000 °C. The plasma produced in the Company's cells cannot be produced by any 
chemical reaction other than the Company's process. 

Typically, a heat engine such as a turbine is used for converting heat into electricity. 
However, plasma power may be directly converted into electrical power. The technology 
is not based on heat. Thus, heat sinks such as a river or cooling towers as well as thermal 
pollution are largely eliminated. Based on research and development in this area of 
converters, the Company expects that routine engineering will result in devices that have 




Figure 1. Plasma Generated by the BlackLight 
Process. 



Figure 2. Gyrotron Schematic. 
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higher conversion efficiencies than turbines. The device is linearly scaleable from the size 
of hand held units to large units which could replace large turbines. And, unlike turbine 
technology wherein the cost per unit capacity soars with munaturization, the Company 
anticipates that the unit cost per capacity will be insensitive to scale. The Company 
anticipates applications for its technology in broad markets such as premium power, 
microdistributed power, motive power, consumer electronics, portable electronics, 
telecommunications, aerospace, and uninterruptable, remote, and satellite power supplies. 

Plasma may be directly converted into electricity using a device called a gyrotron 
which is established technology for converting energetic electrons into microwaves. 
Conventionally the source of energetic electrons comprises an electron beam or a plasma 
formed by electrical input such as a high voltage discharge. Prior to the development of 
the Company's technology, it was not possible to generate a plasma in hydrogen 
chemically. The BlackLight Process generates an energetic plasma in hydrogen which is a 
new source of energy. 

The energy released by the catalysis of hydrogen to form HHCs produces a plasma in 
the cell. The energetic electrons of the plasma produced by the BlackLight Process are 
introduced into an axial magnetic field where they undergo cyclotron motion. The force 
on a charged ion in a magnetic field is perpendicular to both its velocity and the direction 
of the applied magnetic field. The electrons of the plasma orbit in a circular path in a 
plane transverse to the applied magnetic field for sufficient field strength at an ion 
cyclotron frequency co c that is independent of the electron velocity. Thus, a typical case 
which involves a large number of electrons with a distribution of velocities will be 
characterized by a unique cyclotron frequency that is only dependent on the electron 
charge to mass ratio and the strength of the applied magnetic field. There is no 
dependence on their velocities. The velocity distribution will, however, be reflected by a 
distribution of orbital radii. The electrons emit electromagnetic radiation with a maximum 
intensity at the cyclotron frequency. The velocity and radius of each electron may 
decrease due to loss of energy and a decrease of the temperature. 

The gyrotron comprises a resonator cavity which has a dominate resonator mode at 
the cyclotron frequency. The plasma contains electrons with a range of energies and tra- 
jectories (momenta) and randomly distributed phases initially. Electromagnetic oscilla- 
tions are generated from the electrons to produced induced radiation due to the grouping 
of electrons under the action of the self-consistent field produced by the electrons them- 
selves with coherent radiation of the resulting packets. In this case, the device is a 
feedback oscillator. The theory of induced radiation of excited classical oscillators such 
as electrons under the action of an external field and its use in high-frequency electronics 
is described by A. Gaponov et al. 24 The electromagnetic radiation emitted from the 
electrons excites the mode of the cavity and is received by a resonant receiving antenna. 

The radiated power and the power produced by the BlackLight Process may be 
matched such that a steady state of power production and power flow from the cell may 
be achieved. The rate of the hydrogen catalysis reaction may be controlled by controlling 
the total pressure, the atomic hydrogen pressure, the catalyst pressure, the particular 
catalyst, and the cell temperature. Very fast response times may be achieved by 
controlling the rate of reaction and plasma formation with an applied electric or magnetic 
field which influences the catalysis rate. Plasma and a gyrotron can respond essentially 
instantaneously. Thus, unprecedented load following capability is possible. 

The gyrotron relies on established microwave technology which may achieve very 
high efficiencies (e.g. 80%) conversion of energetic electrons into microwaves. 25 A 0.1 
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Cents/kWh 

Capital Charges 

Fuel 

O&M 

Subtotal 

Hot Water Credit 
Net Power Cost 



Basis: Installed Cost < $1 ,000/kW DOE Credit— $3,000.kW 

Capital Recovery Factor — 12% 

Annual Load Factor— 95% (8,322 hrs of operation) 

Electric Efficiency (higher heating value)— 36% 

Heat Rate— 9,480 Btu / kWh 

Waste Heat Recovery as Hot Water 

(Equivalent to 875,000 Btu/hr of fuel input at 80% efficiency) 
Implicit Overall Thermal Efficiency — 82% 
Natural Gas Cost— $3.50 / million Btu 



Table 3. Economics of International 
Fuel Cells Corp. 



4.3 

3.3 

2.0* 

9.6 

1.5 

8.1 



Figure 2. Gyrotron Prototype. 



* Includes $600/kW overhaul costs every six years 



Tesla magnetic field will produce about 2.5 GHz microwaves. The microwaves are then 
rectified into DC electricity. Rectification efficiency at 2.5 GHz is about 95%. 26 " 29 The 
DC electricity may be inverted and transformed into any desired voltage and frequency 
with conventional power conditioning equipment. 

The plasma formed by the BlackLight Process and the gyrotron have been tested in- 
dependently. Current work is in progress on testing gyrotron powered by the BlackLight 
Process generated plasma. 

5.1. Power Balance Analysis 

The commercial unit would comprises a 3-stage power generator. Stage 1 would be 
electrolysis to provide hydrogen fuel; stage 2 — production of plasma in a gas cell; and 
stage 3 — conversion of plasma to microwaves to electricity. 

Using even relatively conservative assumptions for reaction yield and power density, 
a competitive power generation unit appears easily possible: (1) Production of about 100 
times electrical power as electrolysis power; (2) Production of green emission (oxygen 
only) zero C o 2 emission; (3) No fossil-fuel combustion by-products; (4) Essentially no 
waste heat since the gyrotron is not a heat engine; (5) Tremendously more efficient at 
energy conversion to electricity; and (5) Projected to dominate the home and 
microdistributed markets. 

5.2. Comparison with Competing Microdistributed Technologies 

The Company's process may start with water as the hydrogen source and convert it to 
HHCs; whereas, fuel cells typically require a hydrocarbon fuel and an expensive reformer 
to convert hydrocarbons to hydrogen and carbon dioxide. The Company's plasma to 
electric conversion technology with no reformer, no fuel cost, creation of a valuable 
chemical by-product, and significantly lower capital costs and O&M costs are anticipated 
to result in household units that are competitive with central power and significantly 
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superior to competing microdistributed power technology such as fuel cells and micro 
combustion turbines. With a focus on large scale production of microdistributed devices, 
the Company anticipates rapid penetration of the electricity energy market. In this case, 
the Company plans to form strategic alliances with component manufacturers, systems 
assemblers, and service companies to provide power for consumers with units under lease 
or by sale. The service companies may be utilities. Other services or utility companies 
such as water, gas, telephone, cable, plumbing, and HVAC companies are also potential 
partners. The Company may have its plasma-electric power cell manufactured under 
contract or license. Alternatively, the Company may manufacture the units itself. 

Some of the competitive advantages of BlackLight Power generation over the 
competing microdistributed technologies fuel cells and micro combustion turbines are no 
fuel costs, no fuel handling issues nor pollution, not a heat engine and not 
electrochemical, no reformer, solid state device, chemically-generated plasma with 
proven microwave technology, linearly scalable, cost competitive (lower capital and 
O&M costs), long product lifetime, appliance-like, load following, no grid connection 
(gas or electric for fuel or load leveling), high 9's power capability, closed system, and 
valuable solid chemical by-product. 

With strategic alliances, the Company plans to develop, manufacture, and market a 
unit of approximately 25 kWe which is a desirable size for. a modular uninterruptable 
power supply for the premium power market. 25 kWe is also capable of providing for the 
total power requirements of a single family residence or a light commercial load. The 
potential advantages of the Company's power system compared to fuel cells are (1) zero 
fuel costs, (2) capital and O&M costs that are 10% that of fuel cells, and (3) valuable 
chemicals are , produced rather than pollutants such as carbon dioxide. Thereby, the cost 
per kilowatt of electric generated by the Company's plasma-electric power cell is 
projected to be about 10% of that of a fuel cell. In addition, an energy consumer may also 
derive revenue by selling power back onto the distribution system when the full capacity 
of the system is not required by such consumer. 

The only mass manufacturable components required to produce a gyrotron system are 
a magnet, a resonator cavity or waveguide, and a antenna-rectifier. For implementation in 
the third world and acquisition of market share in the first world, the plasma-electric cell 
requires essentially no fuel and fuel distribution infrastructure, no regional or on-site 
pipelines, no utility connection (gas or electrical), no electric lines, and no specialized or 
centralized manufacturing expertise. In each category, competing technologies are at a 
competitive disadvantage which could prevent broad adoption even if they were viable 
based on logistics and costs. 

Fuel cells are not cost competitive with BlackLight technology. The cost of 
electricity with a molten carbonate fuel cell which has a much lower capital cost 
compared to a proton exchange membrane fuel (PEM). The projected capital cost for a 
BlackLight 5-25 kW plasma-electric system is as follows: rectifier— $200; inverter— 
$200, permanent magnet— $150, and cell— $100, totaling $650. 

Also with strategic alliances, the Company further plans to develop, manufacture, and 
market a unit of approximately 1 MWe. One to ten of these units should provide the total 
power load requirements of a central power grid substation. The potential advantages of 
the Company's power system compared to central power are the same as with plasma- 
electric power cell. The cost per kilowatt of electric generated by the Company's plasma- 
electric power cell is projected to be about 20% of that of central power (see Table 2). 
With the installation of substation units, light commercial, and residential units, all 
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components of the present central power generation infrastructure upstream from the 
substation may be eliminated. Some infrastructure components that may be eliminated by 
the Company's technology with associated cost savings are: (1) high voltage transformers, 
(2) high voltage transmission lines, and (3) central power plants, including their 
associated turbines, fuel and pollution handling systems, ash, pollution, coal trains, coal 
mines, gas pipelines, gas fields, super tankers, oil fields, nuclear power plants, uranium 
processing plants, and uranium mines. 

5.3. Motive Power — Plasma-Electric and Battery 

The capital cost for BlackLight power for motive power are comparable to the cost of 
an automotive internal combustion engine. Whereas, fuel cells are two orders of 
magnitude too expensive and require trillions of dollars to be invested in a hydrocarbon to 
hydrogen refueling system. In contrast, a motive power plant based on BlackLight 
technology uses water as the fuel and requires no infrastructure. The Company is 
considering several promising options to commercialize its process in the motive power 
market. In addition to stationary power, the plasma-electric system may be used for 
motive power. The Company is also developing a high voltage battery which may power 
an electric vehicle. 

5.4. Conclusion 

The BlackLight Process has potentially very broad applications including: electrical 
power generation, space and process heating, motive power, and production of HHCs. 

The technology generates plasma and heat from hydrogen, which may be obtained 
from ordinary water. The implications of this development could be significant. If the 
technology becomes proven, then the energy from this process could possibly be used to 
cleanly and cheaply meet the world's demand for thermal, chemical, and mechanical 
energy as well as electricity. Over time, it may be possible to replace or retrofit coal-fired, 
gas-fired, and oil-fired electric power plants. This would help to abate global warming 
and air and water pollution. Moreover, it may be possible to replace or retrofit some of 
the world's nuclear power plants. With BlackLight technology, an opportunity exists to 
dramatically reduce the complexity and the cost of the generation station, which includes 
fuel handling, thermal generation, thermal to electrical conversion, pollution abatement 
and spent fuel disposal or storage systems. 

The Company is focusing on possible electrical and heating applications for its 
technology including a fit with a converter to make electricity. Electrical power 
generation with the Company's plasma-electric power technology may represent a major 
opportunity to use a microdistributed system to replace existing infrastructure at 
considerable savings in capital and generation costs. Residential/light commercial units, 
substation units, and a low voltage local distribution system could replace the central 
power based current system. Adaptation of the Company's technology is facilitated by the 
deregulation of the utility industry. 
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and the po\8ex of the transition (Eqs. (60)-(61 )). Exponen- 
tial decay applies to electromagnetic energy decay 

h(t) = e- ony u(t). (189) 

The coordinate time is imaginary because energy transitions 
are spacelike due spacetime expansion from matter to en- 
ergy conversion. For example, the mass of the electron (a 
fundamental particle) is given by 

, = — =ia 'sec, (190) 

y/2Gme/-Xc V l 

where v % is Newtonian gravitational velocity (Eq. (132)). 
When the gravitational radius r g is the radius of the universe, 
the proper time is equal to the coordinate time by Eq. (142), 
and the gravitational escape velocity v % of the universe is 
the speed of light Replacement of the coordinate time, f, by 
the spacelike time, it, gives 



(191) 



A(r) = Me- iC,/r), ] = cos^/, 

where the period is T (Eq. (162)). The continuity con- 
ditions based on the constant maximum speed of light 
(Maxwell's equations) are given by Eqs. (143)- (144). The 
continuity conditions based on the constant maximum speed 
of light (Schwarzschild metric) are given by Eq. (145). 
The periods of spacetime expansion/contraction and par- 
ticle decay/production for the universe are equal because 
only the particles which satisfy Maxwell's equations and 
the relationship between proper time and coordinate time 
imposed by the Schwarzschild metric may exist 



2Gmu 

c 2 H 

emu 
~c*/4nG 



27 which is a solution of the^way< 
front 




37. Wave equation 

The general form of the light front wave equation is 
25 by Eq. ( 1 24). The equation of the radius of the unive*| 
may be written as 



emu \ 
(c 3 /4kC/) J 

( : 

\(2nGmu/c 3 ,pec 



38. 



Conclusion- *^<v •-■-^ 

Maxwell equa&ons, Planck's equation, the de Broglie 
3 1 equation, Newfon/s^iaws, and special, and general relativity 
are unified. 
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[14] 
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Tabic 2 

Predicted harmonic parameters t and relative intensities /(n) as i 
function of peak n 



n 




l{nf 


1 


197 


1 


2 


591 


0.50 


3 


788 


0.33 


4 


985 


0.25 


5 


1182 


0.20 


6 


1379 


0.17 



■Eq.(184). 
b Eq. (188). 



The peaks are predicted to occur at the fundamental plus har- 
monics of the fundamental-integer multiples, /i = 2, 3, 4, 5, 
and 6, of the fundamental € — 197. 



<T= 197 (fundamental), 



<1W) 



(T= 197 + «197 n = 2, 3, 4, 5, and 6 (harmonics): 

From Eq. (184), the predicted harmonic parameters £ are 
given in Table 2. 

The harmonic peaks correspond to the condition that the 
amplitude of the harmonic term of the radius of the universe 
ro(n) is a reciprocal integer that of the maximum amplitude 
ro. Thus, ra(n) is given by 



2x10* kg 

n n 



1.97 x 10 12 light years 



(185) 



The power flow of radiant energy into mass d< 
as the radius contracts, and the relative intensities 
peaks follow from the power flow. The relative in] 
are given by the normalized power as a functii 
the time at which the magnitude of the ampfflmao] 
harmonic term of the radius of the universe n$BU$frelSp-by 



= 1.9 5 




Eq. (185) corresponding to each conn 
constructive interference occurs. Sts 
point of the maximum expansiog 
entirely radiation rilled and the i 
which the magnitude of they 
of the radius of the unrv 
follows from Eq. (16 



r 0 (/j)=- = 
n 



which 
at the 
universe is 
the time at 
e harmonic term 
by Eq. (185) 



light years, 



, x 9.83 x 10 1 
t(n) = cos 



In 



23 



'G) 

= 1.564 x 10" cos" 1 



years 



years. 



The power of the universe as a function of time is given by 
Eq. (174) and is shown in Fig. 17. To express the negative 
power flow relative to the radiant energy of the universe 
corresponding to the conversion of energy into matter, the 
power of the universe as a function of time may be expressed 
as 

P\j{t) = ~ t4^cos| „ p „ 2 ** ^ W y 

v ' 4nG \9.83 x 10 11 years / 

Aj(/)=-2.9x 10 $1 cos( — — ^ W (187) 

w V 9 - 83x10 11 years/ ' v 7 





(186) 



where / = 0 corresponds to the time when the universe 
reaches the maximum radius corresponding to Jlfe max- 
imum contribution of the amplitude, ro, of i 
monic variation in the radius of the unive 
At / = 0 as defined, the universe is entire 
and the power into particle production 
/ = (k/2)/(2jc/9.83 x 10 n years) J§fT* 
particle production is in balanc£with matter to energy 
conversion, and the latter dorS&t^fonjtffe following half 

The relative mten^B^^^givwi by substitution of 
Eq. ( 1 86) into Eq. ( ^8) tip is Hormalized by the magnitude 
of the maximum polm^which occurs at the maximum 
radius. TTius, thexr^elative^9itensities are given by 

/( n)= A i #^ io ;y' ( ^ eais > > ) = i (188) 

\ 9.83 x 10" years / n v ' 

,^phe relati|# intensities I(n) as a function of peak n are given 
in T^We 2. 

Thecosmic microwave background radiation is an aver- 
se temperature of 2.7 K, with deviations of 30 or so uK 
different parts of the sky representing slight variations in 
the density of matter. The measurements of the anisotropy 
in the Cosmic Microwave Background (CMB) have been 
measured with the Degree Angular Scale Interferometer 
(DASI) [40]. The angular power spectrum was measured in 
the range 100 < £ < 900, and peaks in the power spectrum 
from the temperature fluctuations of the cosmic microwave 
background radiation appear at certain values of £ of spher- 
ical harmonics. Peaks were observed at £ w 200, € w 550, 
and £ w 800 with relative intensities of 1, 0.5, and 0.3, re- 
spectively (Fig. 1 of Ref. [40]). There is excellent agreement 
between the predicted parameters given in Table 2 and the 
observed peaks. 



36. The periods of spacetime expansion/contraction and 
particle decay/production for the universe are equal 

The period of the expansion/contraction cycle of the 
radius of the universe, T 9 is given by Eq. (162). It follows 
from the Poynting power theorem with spherical radiation 
that the transition lifetimes are given by the ratio of energy 
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2X1 •* «X10* •> 

Time (yeors) 

Fig. 19. The differential expansion of the light sphere due to the acceleration of the expansion of the cosmos as a 



,0 r 



34. The expansion/ contraction acceleration, K 

The expansion/contraction acceleration rate, K, as shown 
in Fig. 19, is given by the time derivative of Eq. (169). 

„ c 4 ( 2nt 
N = 2 71— — cos — — — — r 



= 78.7 cos { 



3.01 x lO^Mpc 



^ km/sec Mpc. 



(181) 



The differential in the radius of the universe, AN, due 
5 to its acceleration is given by AN = 1/2H/ 2 . The differen- 
tial in expanded radius for the elapsed time of expansion^ 
7 / = 10 10 light years corresponds to a decease in brightne; 

of a supernovae standard candle of about an order o£ 
9 nitude of that expected, where the distance is taki 

This result based on the predicted rate of accel 
1 1 expansion is consistent with the experimentgf^bj 
[36-38]. 

1 3 Furthermore, the microwave backj 

obtained by the Boomerang telescoj 
1 S a universe of nearly flat geomel 

of its expansion. The data is 
1 7 radius of the universe witlyp|&ci 
the commencement of exransion-i 




image 
tent with 
ttunencement 
a large offset 
in size since 
ut 10 billion years ago. 



ic microwave 



35. Power 
background 



21 When roe ti&ij^se reaches the maximum radius corre- 
sponding to the maximum contribution of the amplitude, 

23 ro, of the time harmonic variation in the radius of the uni- 
verse, (Eq. (166)), it is entirely radiation filled. Since the 

25 photon has no gravitational mass, the radiation is uniform. 
As energy converts into matter the power of the universe 

27 may be considered negative for the first quarter cycle start- 




siotiras given by Eq. 

ftoEq.(161). The 
ction travels as a light 
acts to a minimum radius, 
Eq. (167), constructive 




ing from the point of maxirrm 
(187), and spacetime < 
gravitational field from i 
wave front. As the i 
the gravitational radrag^given 

interference of the gravitational fields occurs for distances 
which are integ^jof the amplitude, r 0 , of the time harmonic 
variation^ in^the ramus of the universe for the times when 
the poorer is nerafive according to Eq. (187). The resulting 
sligtfc^ai^onsln the density of matter are observed from 
pre^^^^>here. The observed radius of expansion is 
enWo the radius of the light sphere with an origin 
at tfieipme point when the universe stopped contracting and 
ted to expand. The spherical harmonic parameter t is 
en by the ratio of the amplitude, r 0 , of the time harmonic 
variation in the radius of the universe, (Eq. (166)) divided 
by the present radius of the light sphere where the universe 
is a 3-sphere universe-Riemannian three-dimensional hy- 
perspace plus time of constant positive curvature at each 
r-sphere. For /= 10 10 light years = 3.069 x 10 3 Mpc, the 
fundamental ^ is given by 



2 x 10 54 kgc 3 /47t<7 



_ 1.97 x 10 12 light years _ 
~ 10 10 light years ~~ 



(182) 



The number of constructive interferences is given by the 
maximum integer of the ratio of the amplitude, ro, of the 
time harmonic variation in the radius of the universe, (Eq. 
(166)) divided by the minimum radius, the gravitational 
radius (Eq. (167)). The number of peaks are 



ro 



2X10 54 fcg 



1.97 x 10 12 light years 
2Gmu/? ~ 3.12 x 10 n light years 



= 6.3—6.(183) 
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Fig. 1 8. The temperature of the universe as a function of time during the expansion phase. 



the space can be described as a series of spheres each of 
constant radius r whose centers coincide at the origin. The 
existence of the mass my causes the area of the spheres to 
be less than 4 tit 2 and causes the clock of each r-sphere to 
run so that it is no longer observed from other r-spheres to 
be at the same rate. The Schwarzschild metric given by Eq. 
(140) is the general form of the metric which allows for 
these effects. Consider the present observable universe that 
has undergone expansion for 10 billion years. The radius 
of the universe as a function of time from the coordinate 
r-sphere is of the same form as Eq. (168). The average size 
of the universe, ru, is given as the sum of the gravitation; 
radius, r g> and the observed radius, 10 billion light yi 



+10 10 light years = 3.22 x 10 n light yi 



temporal displacement, d 
case that dr 2 -d6 2 = AA * 
proper time and the 




Eq. (140). In the 
tationship between the 



(178) 




ru =r g + 10 10 light years = 3.I2 x 10 n light years ,? %if & 





The frequency of Eq. (168) is one 
spacetime expansion from the con 
verse into energy according to 1 
same relationships, the : 
function is the reciprocal J 



itude of 
mass of uni- 
keeping the 
current expansion 
current age. Substi- 



tution of the average 
expansion, and thj 
years, into Eq, 
function oft\ 

N = 3.22x 




(179) 

num power radiated by the universe is given by 
gs. (1 74) which occurs when the proper radius, the co- 
dinate radius, and the gravitational radius r g are equal. 
For the present universe, the coordinate radius is given by 
Eq. (176). The gravitational radius is given by Eq. (167). 
The maximum of the power spectrum of a trigonometric 
function occurs at its frequency [35]. Thus, the coordi- 
nate maximum power according to Eq. (177) occurs at 
5 x 10 9 light years. The maximum power corresponding to 
the proper time is given by the substitution of the coordi- 
nate radius, the gravitational radius r g , and the coordinate 
power maximum into Eq. (179). The power maximum in 
the proper frame occurs at 



averse, the frequency of 
ion, 10 billion light 
he radius of the universe as a 
^coordinate r-sphere. 



t = 5 x 10 9 light years 



/ 3.12 x 10"lij 
Y 3.22xl0"li] 



light years 
light years' 



t = 880 x 10 light years. 
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(180) 



cost 



2nt 



5 x 10 9 light years , 



| light years. 



(177) 



23 The Schwarzschild metric gives the relationship between 
the proper time and the coordinate time. The infinitesimal 



The power maximum of the current observable universe is 41 
predicted to occur on the scale of 880 x 10 6 light years. 
There is excellent agreement between the predicted value 43 
and the experimental value of 600-900 x 10 6 light years 
[31]. 45 
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Ttme (years) 
Fig. 16. The density of the universe as a function of time. 




rv 




Fig. 17. The 



32. The temperature of the universe 



The temperature of the uni 
7u(0» ^ shown in ^'^^^^^ 



Boltzmann law. 




averse as a function of time. 



of time 33. Power spectrum of the cosmos 



ction of time, 
om the Stefan- 



7u(0 




(175) 



5 The calculated uniform temperature is about 2.7 K which 
is in agreement with the observed microwave background 
7 temperature [32]. 



The power spectrum of the cosmos, as measured by 9 
the Las Campanas survey, generally follows the predic- 
tion of cold dark matter on the scales of 200-600 million 1 1 
light-years. However, the power increases dramatically on 
scales of 600-900 million light-years [31]. This discrep- 13 
ancy means that the universe is much more structured on 
those scales than current theories can explain. 15 

The universe is oscillatory in matter/energy and space- 
time with a finite minimum radius. The minimum raditts 17 
which corresponds to the gravitational radius, r g , given 
by Eq. (167) is 3.12 x 10 n light years. The nunimum ra- 19 
dius is larger than that provided by the current expansion, 
approximately 10 billion light years [32]. The universe is 21 
a four-dimensional hyperspace of constant positive curva- 
ture at each r-sphere. The coordinates are spherical, and 23 
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Time (years) ^ 
Fig. 14. The expansion/contraction rate of the universe as a function of time. r;{' H ^ ;< & 




1 



fit 



Fig. 15. The Hubble i 




'the universe as a function of time. 



1 The experimental value [34] as shown 
Ho = 80 ± 17 km/sec Mpc. 



For t = 10 10 light years, pu = 1.7 x 10~ 32 g/cra 3 . The den- 
sity of luminous matter of stars and gas of galaxies is about 7 
pu=2 x 1(T 31 g/cm 3 [33,34]. 



30. The density of the uni 

The density of the 
given by the ratio of' 
volume as a fun* 



ion of time 

function of time pu(0 
i function of time and the 
; as shown in Fig. 16 is 



(173) 



31 . The power of the universe as a function of time Pv(0 
From E=*m<? and Eq. (161), 

/>u(0=^(. + cos(^)). (174 ) 



For f=10 10 light years, Aj(0 = 2.88 x 10 51 W. The 11 
observed power is consistent with that predicted. The 
power of the universe as a function of time is shown 13 
in Fig. 17. 
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Fig. 13. The radius of the universe as a function of time. 
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28. The differential equation of the radius of the universe 

Based on conservation of mass/energy (E = mc 2 ) and 
spacetime (c 3 /4nG = 3.22 x IO 34 kg/sec). The universe be- 
haves as a simple harmonic oscillator having a restoring 
force, F, which is proportional to the radius. The propor- 
tionality constant, k y is given in terms of the potential en- 
ergy, £, gained as the radius decreases from the maximum 
expansion to the minimum contraction. 

E ' (163) 



When the radius of the universe! 
the proper time is equal to 
and the gravitational 
the speed of light 
of time as shown irfififl^ £5 is 




ttional radius, r t , 
«byEq.(142X 
t>. of the universe is 



the universe as a function 



Since the gravitational potential energy E^m is equal to myjc 2 
when the radius of the universe r is the gravitational radius^' 



_mm ^0* \ emu ( 2nt \ 

(168) 



r% (Gmu/c 2 ) 2 



And, the differential equation of the radius a^e^pu^rse, 



The maximum radius of the wrverjpthe amplitude, ro, 
of the time harmonic van^^inr^^Qlus of the universe, 
is given by the quotient omhe tofcfl mass of the universe and 
Q (Eq. (161)), the nt|^%erg^to expansion/contraction 
quotient 




V/4nG 
= 1.97 x lofefrfht years. 



,v The expansion/contraction rate, K, as shown in Fig. 14 is 
en by time derivative of Eq. (168) 

A-texlO-^^^)^ (169) 



29. The Hubble constant 

The Hubble constant is given by the ratio of the expansion 
rate given in units of km/sec divided by the radius of the 
expansion in Mpc. The radius of expansion is equivalent 
to the radius of the light sphere with an origin at the time 
point when the universe stopped contracting and started to 
expand. 



(166) 



The minimum radius which corresponds to the gravita- 
tional radius, r g , given by Eq. (137) with mo = mu is 

rg = = 2.96 x IO 27 m = 3.12 x 10 n light years. 

(167) 



^ _ H* , / TOXl0 " 3s ^((2^F)) km / sec 
*Mpc /Mpc 



(170) 



For t = 1 0 10 light years = 3.069 x 1 0 3 Mpc, the Hubble con- 
stant, Ho, is 



Ho = 78.6 km/sec Mpc. 



(171) 
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1 (y/fic/G = 2.18 x 10~ 8 kg) is the unobtainable mass bound 
imposed by the angular momentum and speed of the photon 

3 relative to the gravitational constant It is analogous to the 
unattainable bound of the speed of light for a particle pos- 

5 sessing finite rest mass imposed by the Minkowski tensor. 

26.3. Astrophysica! implications of Planck mass particles 



The limiting speed of light eliminates the singularity prob- 
lem of Einstein's equation that arises as the radius of a black- 
hole equals the Schwarzschild radius. General relativity with 
the singularity eliminated resolves the paradox of the infi- 
nite propagation velocity required for the gravitational force 
in order to explain why the angular momentum of objects 
orbiting a gravitating body does not increase due to the finite 
propagation delay of the gravitational force according to spe- 
cial relativity [20], When the gravitational potential energy 
density of a massive body such as a blackhole equals that of 
a particle having the Planck mass, the matter may transition 
to photons of the Planck mass. Even light from a blackhole 
will escape when the decay rate of the trapped matter with 
the concomitant spacetime expansion is greater than the ef- 
fects of gravity which oppose this expansion. Gamma-ray 
bursts are the most energetic phenomenon known that can 
release an explosion of gamma rays packing 100 times more 
energy than a supernova explosion [21]. The annihilation of 
a blackhole may be the source of gamma-ray bursts. The 
source may be due to conversion of matter to photons of 
the Planck mass/energy which may also give rise to cosmic 
rays which are the most energetic particles known, and their 
origin is also a mystery [22]. According to the GZK cutoff, 
the cosmic spectrum cannot extend beyond 5 x 10 19 eV f but, 
AGASA, the world's largest air shower array, has shown thi 
the spectrum is extending beyond 10 20 eV without anv 
sign of cutoff [23]. Photons each of the Planck massijpyjfe 
the source of these inexplicably energetic cosmjc^y^* ' 
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27. Relationship of matter to energy a^~s^c^fime 
expansion 



The Schwarzschild metric 
matter causes relativistic 
iting velocity c results 
to particle production, 
the gravitational rad: 
tions for the ex] 
energy. Q the 





thip whereby 
time. The lim- 
of spacetime due 
f 2nr % where r % is 
This has implica- 
etime when matter converts to 
to expansion/contraction quo- 
tient of spacetimen^given by the ratio of the mass of a par- 
ticle at prodbclion divided by 7\ the period of production. 

' m * =3.22 x I0 34 kg/sec. 



n— — — m ° 
T ~ 2nr * 



4nG 



47 



(161) 

The gravitational equations with the equivalence of the parti- 
cle production energies (Eq. (144)) permit the conservation 



of mass/energy (£ = mc 2 ) and spacetime (<?IAnG = 3 22 x 

1 0 34 kg/sec). With the conversion of 3.22 x 1 0 34 kg of mat- 49 

ter to energy, spacetime expands by I sec. The photon has 

inertial mass and angular momentum, but due to Maxwell's 5 1 

equations and the implicit special relativity it does not have 

a gravitational mass. 53 



27.1. Cosmological consequences 

The universe is closed (it is finite but with no boundary). 
It is a 3-sphere universe— Riemannian three-dimensional hy- 
perspace plus time of constant positive curvature at each 
r-sphere. The universe is oscillatory in matter /energy and 
spacetime with a finite minimum radius, the gestational 
radius. Spacetime expands as mass is released^l^energy 



which provides the basis of the atomic, 
cosmological arrows of time. Different n 
isothermal even though they are 
tances than that over which lij 
time of the expansion of the 
and large-scale structures^ 
elapsed time of the 
and supercluster evoj 
phase [25-31]. The 
verse which occurs at 





is/^-c 5 /4; 
beginning o: 
universffwas 






and 
eare 
ter dis- 
the 

Presently, stars 
e older than the 
n as stellar, galaxy, 
during the contraction 
urn power radiated by the uni- 
ibeginning of the expansion phase 



x JO 51 W. Observations beyond the 
sion phase are not possible since the 
matter filled. 



od of oscillation of the universe based on 
propagation of light 



r = 



= 3.10x 10 19 sec = 9.83 x 10 n years, 



(162) 
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^Mass/energy is conserved during harmonic expansion and 

infraction. The gravitational potential energy given by 77 
Eq. (155) with mo = mu is equal to mvc 2 when the radius of 
the universe r is the gravitational radius ro . The gravitational 79 
velocity vg (Eq. (157) with r = tg and mo = mu) is the speed 
of light in a circular orbit wherein the eccentricity is equal 81 
to zero and the escape velocity from the universe can never 
be reached. The period of the oscillation of the universe and 83 
the period for light to transverse the universe corresponding 
to the gravitational radius ro must be equal. The harmonic 85 
oscillation period, T, is 

2nr 0 2nGmv 2nG(2 x 10** kg) 



87 



89 



where the mass of the universe, mu, is approximately 2 x 
10 54 kg. (The initial mass of the universe of 2 x 10 54 kg is 
based on internal consistency with the size, age, Hubble con- 
stant, temperature, density of matter, and power spectrum.) 
Thus, the observed universe will expand as mass is released 9 1 
as photons for 4.92 x 10 n years. At this point in its world 
line, the universe will obtain its maximum size and begin to 93 
contract. 
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1 25. 1. The electron-antielectron lepton pair 

A clock is defined in terms of a self-consistent system of 
3 units used to measure the particle mass. 2 The proper time of 
the particle is equated with the coordinate time according to 
5 the Schwarzschild metric corresponding to light speed. The 
special relativistic condition corresponding to the Planck 
energy gives the mass of the electron. 

* /2C7m 2 



13 



2n 



mc 2 



ca 2 h' 

1/2 



-GJ?f(6)"'-'- ,<OT * 10 ""'* <»" 



m c =9.1097xl0~ 31 kg- 



18 eV(v c ) = 9.1094x10" 



m e experiment* = 9.1095 X 10 kg. 



25.2. Down-down-up neutron (DDU) 



kg, 
(148) 

(149) 



is 
2n 



The corresponding equation for production of the neutron 

2nh 



2G[(my/3)[l/2« -tt/2n]] 2 



3c(2nyh 



m^calenUted 



'-«"«) (t^)(S)"W 



(150) 



= 1.6744 x 10* 27 kg, 

myexperimeatal = 1.6749 X 10"" kg. 



26. Gravitational potential energy 

The gravitational radius, ocg or ro, 
mass mo is defined as 
GntQ 

0U3=rG = — — . 

c 2 ...^ 



here of 




2 Presently the 
9,192,631,770 vjteal 
defined in Eq. ( 
of spacetim#|it is 
reasons expl; 



as the time required for 
s cesium- 133 atom. The "sec" as 
ital constant, namely, the metric 
pst Identically equal to the present value for 
bf. [1]). A unified theory can only provide 
the relationships Between all measurable observables in terms of a 
clock defined in terms of fundamental constants according to those 
observables and used to measure them. The so defined "clock" 
measures "clicks" on an observable in one aspect, and in another, 
it is the ruler of space time of the universe with the implicit depen- 
dence of spacetime on matter-energy conversion as shown in the 
Relationship of Matter to Energy and Spacetime Expansion section. 



When ro = r * = —Ac, the gravitational potential energy 
equals m 0 c 2 



Gnto ft 
ro = — r- = —Ac = , 

c z moc 

_ Gm\ Gm\ Gm\ , m 2 
Egnv= — - = — r- = — -=ha> =moc. 
r —Ac 

The mass mo is the Planck mass, m„, 



m u = mo= \f ~ . 



(154) 
(155) 

(156) 



The corresponding gravitational velocity, pg, is defined as 

C#^57) 



/ GniQ I Gnto I Gntu 



26.1. Relationship of the equivalen 
particle production energies 




For the Planck mass 
ingtoEq. (144) are: ( 
= electric potential 
tional potential enerj 

moc 2 = ho>*S 




•ft* 2h 



ships correspond- 
lanck equation energy 
letic energy = gravita- 
;/spacetime metric energy) 

(158) 



e 2 _ -1 Tr/ioe 2 ^ 2 
47ieo— Ac ~ (2«mo) 2 — AJ 



- V-AcVG lsecV 2Gm K } 



w lese equivalent energies give the particle masses in terms 
of the gravitational velocity, vq and the Planck mass, m a 



_i po^c \/ Gm 0 / — Ac _i po^c [Gm 

mo=a ~2h c — w - =a -vryc^ 1 "* 



-i/xoe^c / Gnto 



_i po^c Vq Vg 

= a —7 m u — — m B . 

2h c c 



26.2. Planck mass particles 



(160) 



A pair of particles each of the Planck mass correspond- 
ing to the gravitational potential energy is not observed 
since the velocity of each transition state orbitsphere is the 
gravitational velocity vq that in this case is the speed of 
light; whereas, the Newtonian gravitational escape velocity 
v g is \fl the speed of light In this case, an electromag- 
netic wave of mass energy equivalent to the Planck mass 
travels in a circular orbit about the center of mass of an- 
other electromagnetic wave of mass energy equivalent to the 
Planck mass wherein the eccentricity is equal to zero and 
the escape velocity can never be reached. The Planck mass 
is a measuring stick. The extraordinarily high Planck mass 
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In order that the wave front velocity does not exceed c in 
any frame, spacetime must undergo time dilation and length 
contraction due to the particle production event The deriva- 
tion and result of spacetime time dilation is analogous to 
the derivation and result of special relativistic time dilation 
wherein the relative velocity of two inertial frames replaces 
the gravitational velocity. 

The general form of the metric due to the relativistic effect 
on spacetime due to mass mb with t? g given by Eq. (132) is 



+r 2 d0 , +r J sin l 0d* J ], 



(136) 



The gravitational radius, r g , of each orbitsphere of the parti- 
cle production event, each of mass mo, and the correspond- 
ing genera] form of the metric are respectively 

r * = ~*~' (137) 
^-(i-a)di*-^[(i-a)-V + ^« 

+r 2 sin 2 0d<£ 2 j. (138) 

The metric for non-Euclidean space due to the relativistic 
effect on spacetime due to mass mo is 

/-(i- 2 ^) 0 0 0 

o io-^r 1 0 0 

0 0 W 0 

0 0 

(13! 

Masses and their effects on spacetime superimpoi 
separation of proper time between two events and 
is 



9?r = 



+r 2 sin 2 0d<£ 2 ]. 



The Schwarzschild me\ 
tionship whereby math 
spacetime that deh 
is the origin of gn 





The Schwarzschild metric gives the relationship whereby 
matter causes relativistic corrections to spacetime that 
determines the masses of fundamental particles. Sub- 
stitution of r = —Xc' f dr = 0; d0 = O; sin 2 0=1 into the 
Schwarzschild metric gives 



dt 



= dr ^1 



_ 2Gmo _ J\ in 



(141) 



with v 2 = c 2 , the relationship between the proper time and 
the coordinate time is 



[2GM / 2GM u g 

When the orbitsphere velocity is the 
continuity conditions based on the con 
speed of light given by Maxwell's 
energy = Planck equation en erg 
energy = magnetic energy = massgjpaceTj 
ergy. Therefore, 



(142) 





conditions based on the constant maximum 
of light given by the Schwarzschild metric are: 

time _ gravitational wave condition 



rdinate time electromagnetic wave condition 



_ gravitational mass phase matching 
charge/inertial mass phase matching' 



proper time .y/ZGmfct—Xc 



coordinate time 



etc 



(145) 



(140) 

gives the rela* 
v ausesgeIaTivistic corrections to 
\e c&vature of spacetime and 



25. Masses of fundamental particles 



24.2, Particle pr$aW$pn continuity conditions from 
Maxweir's^qjptib% t and the Schwarzschild metric 



The photon to particle event requires a transition state 
25 that is continuous wherein the velocity of a transition state 
orbitsphere is the speed of light The radius, r, is the Comp- 
27 ton wavelength bar, — Xc* given by Eq. (131). At produc- 
tion, the Planck equation energy, the electric potential en- 
29 ergy, and the magnetic energy are equal to moc 2 . 
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Each of the Planck equation energy, electric energy, 
and magnetic energy corresponds to a particle given by 47 
the relationship between the proper time and the coordi- 
nate time. The electron and down-down-up neutron cor- 49 
respond to the Planck equation energy. The muon and 
strange-strange-charmed neutron correspond to the electric 51 
energy. The tau and bottom-bottom-top neutron correspond 
to the magnetic energy. The particle must possess the 53 
escape velocity v % relative to the antiparticle where v % < c. 
According to Newton's law of gravitation, the eccentricity 55 
is one and the particle production trajectory is a parabola 
relative to the center of mass of the antiparticle. 57 
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acquires a general character, it is more general than 
Maxwell's equations from which Maxwell originally 
derived it. 

A discovery of the present work is that the classical wave 
equation governs: (1 ) the motion of bound electrons, (2) the 
propagation of any form of energy, (3) measurements be- 
tween inertial frames of reference such as time, mass, mo- 
mentum, and length (Minkowski tensor), (4) fundamental 
particle production and the conversion of matter to energy, 
(5) a relativistic correction of spacetime due to particle pro- 
duction or annihilation (Schwarzschild metric), (6) the ex- 
pansion and contraction of the universe, (7) the basis of the 
relationship between Maxwell's equations, Planck's equa- 
tion, the de Broglie equation, Newton's laws, and special, 
and general relativity. 

The relationship between the time interval between ticks 
t of a clock in motion with velocity v relative to an observer 
and the time interval to between ticks on a clock at rest 
relative to an observer is [17] 



where m is the inertial mass of a particle, vq is the speed of 
the particle, r 0 is the distance of the particle from a massive 
object, <p is the angle between the direction of motion of the 
particle and the radius vector from the object, and M is the 
total mass of the object (including a particle). The eccentric- 
ity e given, by Newton's differential equations of motion in 
the case of the central field permits the classification of the 
orbits according to the total energy £ [19] (column 1) and 
the orbital velocity squared, vj, relative to the gravitational 
velocity squared, 2GM/ro [19] (column 2): 

2GM , n . 

e < 1 ellipse, 



£<0 



v\ < 



E<0 



£ = 0 



£>0 



v\ < 



ro 
2GM 



2 2GM 

v o = —— 
ro 

2GM 



e = 0 circle (special case of^ellipse), 



vl > 



ro 



e=l 



e> 1 



(c0 2 =(c/o) 2 + (»0 2 . 



(126) 



Thus, the time dilation relationship based on the constant 
maximum speed of light c in any inertial frame is 



v/l-t^/c 2 * 



(127) 



The metric for Euclidean space is the Minkowski tensor 
r}f„. In this case, the separation of proper time between two 
events and x* 4- dx* is dt 2 = — ^ dx* dx*. 



24. Continuity conditions fj 
particle from a photon rr; 



A photon travel 
tide with an initial 



parabolic orbit, 
hyperbolicfbrbit 



ion of a 

light speed 



(130) 




The*l 



23. The equivalence of the gravitational mass and the 
inertial mass , 

The equivalence of the gravitational mass and 
tial mass, m g /m t = universal constant, which i: 
Newton's law of mechanics and gravitatioira&ej 
tally confirmed to less 1 x 10" " [18], 
ery of a universal constant often leads 
an entirely new theory. From the 
velocity of light, c the special 
rived; and from Planck's conj 
deduced. Therefore, the 
the key to the gravitatio? 
of Newtonian graviten|ta 




peetrof light gives rise to a par- 
£equal to its Compton wavelength 

(131) 



ive an orbital velocity equal to Newto- 
escape velocity v $ of the antiparticle. 






discov- 
lent of 
icy of the 
ivity was de- 
itum theory was 
it mjm\ should be 
The energy equation 



GMm 
ro 



- — constant. 



(128) 



Since A, the^angulal^momentum per unit mass, is 
h =L/m = |r x vj = r 0 t?o sin <f> 
the eccentricity e may be written as 
T / 2 2GM\ rii$sm 2 <t> Y 



ifL. 'file eccentricity is one. The orbital energy is zero. The par- 
^£$ficle production trajectory is a parabola relative to the center 
of mass of the antiparticle. 

24. L A gravitational field as a front equivalent to 
light wave front 

The particle with a finite gravitational mass gives rise to 
a gravitational field that travels out as a front equivalent to 
a light wave front The form of the outgoing gravitational 
field front traveling at the speed of light is /(/ - r/c), and 
dr 2 is given by 

dt 2 = /(r)d/ 2 - ^[f(rT* dr 2 + r 2 dd 2 + r 2 sin 2 ddtfl 

(133) 

The speed of light as a constant maximum as well as phase 
matching and continuity conditions of the electromagnetic 
and gravitational waves require the following form of the 
squared displacements: 

(134) 



(cr) 2 +(u g 0 2 = (cr) 2 



I V2 



(129) /(r) 



-(-(?/)• 



(135) 



41 



43 



45 



47 



49 



51 



53 



55 



57 



59 



61 



63 



65 



67 



69 



71 



14 



1HE 13141 



ARTICLE IN PRESS 



R.L Mills I International Journal of Hydrogen Energy III fllllj Ill-Ill 




AnglMdegreM) 

Fig. 12. The closed form function (Eqs. (105) and (106)) for the elastic differential cross section for the elastic scatti 
helium atoms. The scattering amplitude function, F(s) (Eq. (104), is shown as an insert. 



1 The internuclear distance, 2</, which is the distance between 
the foci is 

2c' = N/2a 0 . (112) 

3 The experimental internuclear distance is V2ao- The 
semirninor axis is 

, 1 

5 The eccentricity, e, is 
1 

e= 7T 



21 A. The energies of the hydrogen molecule 

The potential energy of the two electron 
field of the protons at the foci is 

Vc = 



The total energy is 



ft = -13.6eVjl2v 



The kinetic 
T = 






>ns by 



(119) 

(120) 



hydrogen atoms is 



The potential energy of 

Kp= t 



W^J ' <-^ -" w - v - ( " 7) 

1 1 The energy, V m , of the magnetic force between the electrons 
is 

-h 2 



a + x/a 2 - b 2 
In A = - 16.9533 eV. 



4m*ay/a 2 - b 2 a - y/a 2 - b 2 



13 



(118) 



c 2 \dt) 



(grad co) - 0 



(125) 



15 



17 



19 



(121) 

The^nd dissociation energy, ft>, is the difference between 
total energy of the corresponding hydrogen atoms 
q. (121)) and ft (Eq. (120)). 

Ed = E(2H[a H ]) - ft = 4.43 eV. ( 1 22) 

The experimental energy deteimined by calorimetry is 

£ D = 4.45eV. (123) 



22. Cosmological theory based on Maxwell's equations 

Maxwell's equations and special relativity are based on 21 
the law of propagation of a electromagnetic wave front in 
the form 23 

Mt)'-[(£H*Hf )']-•<■*> 

For any kind of wave advancing with limiting velocity and 
capable of transmitting signab, the equation of front prop- 25 
agation is the same as the equation for the front of a light 
wave. Thus, the equation 27 

v 2 
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13 



The aperture distribution function, a(p, <f>,z), for the elas- 
3 tic scattering of an incident electron plane wave represented 
by n(z) by a helium atom represented by 

5^^(^-0.56700)] (101) 

5 is given by the convolution of the plane wave with the helium 
atom function: 

a(p,<M)= ® ^-^^-^[^-0.567^)]. (102) 
7 The aperture function is 
a(p,^^)= 4rt(05 2 67flo)2 



y/iO.SSlaof-z^r- y/(0.561a*¥ - z 2 ). 

(103) 

20. 1. Far field scattering ( circular symmetry) 

Applying Huygens' principle to a disturbance caused by 
the plane wave electron over the helium atom as an aperture 
gives the amplitude of the far field or Fraunhofer diffraction 
pattern F(s) as the Fourier Transform of the aperture distri- 
bution. The intensity I* is the square of the amplitude. 

y/{0.567aof- z 2 S(p - v / (0.567a 0 ) 2 - z 2 ) 
xJ 0 (sp)e~ lws pdpdz, 
I?=F(s) 2 = 



The experimenlfeg^SJte of Bromberg [15], the extrapolated 
experimerila^^ta of mighes [15], the small angle data of 
Geiger [16] an*(fc ; tB& semiexperimental results of Lassettre 
[15] for the elastic differential cross-section for the elastic 
scattering of electrons by helium atoms is shown graphically 
in Fig. 1 1 . The elastic differential cross-section as a function 
of angle numerically calculated by Khare [1 5] using the first 
Bom approximation and first-order exchange approximation 
also appear in Fig. 1 1 . These results which are based on a 



o 

1 1 

3 



(off Kali) 




* 




t 


• Khm (orientated) 


t. 
t 


• Uottn 

• Geiger 


• 

" • ♦ 

• 






penmen- 
|Eqs. (105) and 
ion for the elas- 
atoms is shown graph- 
plitude function, F(s) 
It is apparent from Fig. 




20 40 60 

Angle (degree) 

Fig. 11. The experimental results for the elastic^J^erential 
cross-section for the elastic scattering of electrons by 1 
and a Bom approximation prediction. 



quantum mechanical model are 
tation [15,16], The closed form 
(106)) for the elastic differi 
tic scattering of electrons 
ically in Fig. 12. The^ 
(Eq. (104), is shownfas ajff in: 
1 1 that the quantum rnl^anical calculations fail completely 
at predicnn^jhe^expenMental results at small scattering 
angles; whd|as, m§re is good agreement between Eq. (105) 
and the^xpenment|i results. 

>: ^Z *& ir 



of the chemical bond of hydrogen 

The* hydrogen molecule charge and current-density 
ictions, bond distance and energies are solved from the 
lacian in ellipsoidal coordinates with the constraint of 
nonradiation. 

+ «-'*£(*£)- a 




(107) 



The force balance equation for the hydrogen molecule is 
h 2 



T-TT 2ab 2 X = - — X -f- r-r 

nttO 2 ^ 4neo 2m e o 2 6 2 



where 
X = 



2ab 2 X t 



J 1 /ZZT 



Eq. (108) has the parametric solution 
r(/) = \a cos cot + \b sin cot 
when the semimajor axis, a, is 
a~ao. 



(108) 



(109) 



(110) 



(111) 
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Table 1 

The calculated electric (per electron), magnetic (per electron), and ionization energies for some two-electron atoms 



Atom 




Electric 


Magnetic 


Calculated 


Experimental 




{oof 


energy 6 


energy* 


ionization 


ionization [12,13] 






(eV) 


(eV) 


energy* (eV) 


energy (eV) 


He 


0.567 


-23.96 


0.63 


24.59 


24.59 


Li + 


0.356 


-76.41 


2.54 


75.56 


75.64 


Be 2 * 


0.261 


-156.08 


6.42 


154.48 


153.89 




0.207 


-262.94 


12.96 


260.35 


259.37 


C 4 * 


0.171 


-396.98 


22.83 


393.18 


392.08 


N 5 + 


0.146 


-55870 


36.74 


552.95 


552.06 


0 6+ 


0.127 


-746.59 


55.35 


739.67 


739.32 


F 7+ 


0.113 


-962.17 


79.37 


953.35 


953.89 a 



•From Eq. (96). 
b From Eq. (98). 
c From Eq. (99). 
d From Eqs. (97) and (100). 



1 The spacetime Fourier Transform is 



19. Two electron atoms 



^ sinc(27Lrpo) + 2«g ^ <5(a> — k, • ?,). 
m e po 



(92) 



Spacetime harmonics of cow/c = * or (c&./c)ve/eo = * do 
not exist. Radiation due to charge motion does not occur in 
any medium when this boundary condition is met Thus, no 
Fourier components that are synchronous with light veloc- 
ity with the propagation constant |k,| = co/c exist Radiation 
due to charge motion does not occur when this boundary 
condition is met It follows from Eq. (84) and the relation- 
ship 2npo = Xq that the wavelength of the free electron is 
the de Broglie wavelength. 

h 

Xq = = 2/ipo. 

m t th 

In the presence of a z-axis applied maj 
free electron prec esses. The time average 
of the total angular momentum of 

an axis S that rotates about the ?• 
time averaged projection of the 
axis of the applied magnetic fiel 
linked by the electron in 
with conservation of an] 
the orbitsphere as th< 
along the magnel 
energy, 

the m, = ^guani 



Two electron atoms 
balance equation wi 
balance equation is" 

4 



4nrj r 2 






from a central force 29 
iiation condition. The force 

31 



%eorj 1 4nr\ 2m*r\ 
5us of both electrons as 



2(2 



<'+ ! A s -l 
Z-l) J 9 S ~2* 



(96) 



KL Ionization energies calculated using the Poynting 
power theorem 



ion 
onto 

and the 
turn onto the 
Magnetic flux is 
letk flux quantum 
itum as in the case of 
f the angular momentum 
ft/2 reverses direction. The 
lip transition corresponding to 
iber is given by Eq. (22). 

(94) 



For helium, which has no electric field beyond n 
ionization energy(He) = — ^(electric) + ^(magnetic). 



33 



35 



where, 

£( electric) = — 



The Stern-Gerlach experiment implies a magnetic moment 
of one Bohr magneton and an associated angular momentum 
quantum number of 1/2. Historically, this quantum number 
is called the spin quantum number, m», and that designation 
is maintained. 



^ , 2n/i 0 e 2 ft 2 
^(magnetic) = — — . 

For 3 ^ 2 

ionization energy = —electric energy 

-^magnetic energy. 



(97) 

(98) 
(99) 



37 



(100) 



The energies of several two-electron atoms are given in 
Table 1. 
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Increasing electron density 



Front View of Electron 



electron moving in this direction 




Side View of Electron 

Fig. 10. The front view of the magnitude of the mass (charge) density functij 
electron along the axis of propagation — z-axis. 



1 and the result is consistent with scattering experiments from 
helium and the double split experiment [1]. §i 




3 18.2. Current-density function 



Consider an electron initially bound as ari^ 
radius r — r n — n> ionized from a hyd 
magnitude of the angular velocity of t 
by 



m t r 2 



The current-density 
9 with velocity v z 

proton is givenjr 
1 1 x v-plane as thl 
current-de 

J(p, <p y z y t) = 




^of tjjSfree electron propagating 
rw the inertial frame of the 
' projection of the current into 
ncreases from r = ro to r = oo. The 
don of the free electron, is 



1 3 where po = n>. The angular momentum, L, is given by 

Li z =m e rV (88) 



of a free electron; side view of a free 



Substitution of m e for e in Eq. (87) followed by substitu- 
n into Eq. (88) gives the angular momentum density 
tion, L 

The total angular momentum of the free electron is given by 
integration over the two-dimensional disk having the angular 
momentum density given by Eq. (89). 

Jo Jo \2po/ 5*Po««VPo-P 2 

(90) 

The four-dimensional spacetime current-density function of 
the free electron that propagates along the z-axis with veloc- 
ity given by Eq. (84) corresponding to r = r<> = po is given 
by substitution of Eq. (84) into Eq. (88). 



(91) 



j(p,<m,o= r ( tt ) — /\ J * 

+ Siz / ) lz 

ffiePo \ m e po ) 
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9 17.2. Spherical wave 

Photons superimpose, and the amplitude due to N photons 
is ii 



In the far field, the emitted wave is a spherical wave 
Etotii=£b . 



(82) 



(83) 



The Green Function is given as the solution of the wave 
equation. Thus, the superposition of photons gj&es the 
classical result As r goes to infinity, the spheric 
comes a plane wave. The double slit interferenS 
predicted. From the equation of a photon, J 
duality arises naturally. The energy isgrways 1 
Planck's equation; yet, an interfei 
when photons add over time or : 



Fig. 8. The electric field of a moving point charge (v = \c\ 




Fig. 9. The electric field lines of a right-handed circularly pol 
photon orbitsphere as seen along the axis of propagation in 
inertial reference frame as it passes a fixed point 



1 photon orbitsphere is 
E^Eotx + iyle-^'e-**, 



»-(?>>- 



ix]e 



with a wavelength of&u^ r>v , ir {? 





18. Equations of the free 



CD 

The relatii 
wavelength 

2nro = Xq. 




75.7. Charge-densii 

The radiu^S^a^ electron orbitsphere increases with the 
absoipn^'oMectMnagnetic energy [10]. With the absorp- 
hot%^^ energy exactly equal to the ionization 
on becomes ionized and is a plane wave 
in the limit) with the de Broglie wave- 
! ionized electron traveling at constant velocity 
is ndTffiadiative and is a two-dimensional surface having a 
I charge of e and a total mass of m e . The solution of the 
oundary value problem of the free electron is given by the 
projection of the orbitsphere into a plane that linearly prop- 
agates along an axis perpendicular to the plane where the 
velocity of the plane and the orbitsphere is given by 

h (84) 

and the radius of the orbitsphere in spherical coordinates is 
equal to the radius of the free electron in cylindrical coor- 
dinates (po = n>). The mass-density function of a free elec- 
tron shown in Fig. 10 is a two-dimensional disk having the 
mass-density distribution in the xy(p)-plane 

(80) p M (p, = (JL^ ylfi-fbXz) (85) 



the photon orbitsphere radius and 



(81) 



The electric field lines of a right-handed circularly polarized 
photon orbitsphere as seen along the axis of propagation in 
the lab inertial reference frame as it passes a fixed point is 
shown in Fig. 9. 



and charge-density distribution, p e (p,#,z), in the x>-plane 
given by replacing m c with e. The charge-density distri- 
bution of the free electron has recently been confirmed 
experimentally [11,12]. Researchers working at the Japanese 
National Laboratory for High Energy Physics (KEK) 
demonstrated that the charge of the free electron increases 
toward the particle's core and is symmetrical as a function 
of <f>. In addition, the wave-particle duality arises naturally, 
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where /i = 2,3,4,..., . Due to the radial doublet, excited 
states are radiative since spacetime harmonics of C0n/c = k 
or (cOn/c)^e/eo = do exist for which the spacetime Fourier 
transform of the current-density function is nonzero. 



17. Photon equations 

The time-averaged angular-momentum density, m, of an 
emitted photon is 

m = -±-Re[r x (E x B*)] = h. (75) 

A linearly polarized photon orbitsphere is generated from 
two orthogonal great circle field lines shown in Fig. 6 rather 
than two great circle current loops as in the case of the 
electron spin function. The right-handed circularly polar- 
ized photon orbitsphere shown in Fig. 7 corresponds to the 
case wherein the summation of the rotation about each of 
the x-axis and the v-axis is - ^ me 

mirror image left-handed circularly polarized photon or- 
bitsphere corresponds to the case wherein the summation 
of the rotation about each of the x-axis and the y-axis is 

17. L Nested set of great circle field lines generates the 
photon function 

H Field 



cos(Aot) — sin 2 (Aa) — sin(Aoe)cos(Aa) 

0 cos(Aa) -sin(Aa) 

sin(Aa) cos(Aa) sin( Act) cos 2 (Aa^f 

and A a 7 = - Aa replaces Aa for 

E^ /,Aa ' , |Aa'| = v y 2^ 
E Field 




Fig. 6. The Cartesian cooi 
circle magnetic field 
circle electric field lint 
orbitsphere reference 




&e^st8m wherein the first great 
z-pTane, and the second great 
plane is designated the photon 
tff a photon orbitsphere. 




/if ! 

^ fa 



cos(Aa) 

0 fe c%SS) 
sin(Aa) ci^A^fsin(Aa) 



-sin(Aa)cos(Aa) 
-sin(Aa) 
cos 2 (Aa) 










t 

yi 







(77) 



and Aa'= - Aa replaces Aa for E^i" /A ° Aa = 
E£" /, *"' , |A«'| = v/2k. 

The field lines in the lab frame follow from the relativistic 
invariance of charge as given by Pureed [9]. The relationship 



VIEW ALONG THE Z AXIS 

Fig. 7. The field line pattern from the perspective of looking along 
the z-axis of a right-handed circularly polarized photon. 



between the relativistic velocity and the electric field of 
a moving charge shown schematically in Fig. 8. From 
Eqs. (76)^(77) with J^*? 6 * Aa *» y/ln, the photon equa- 
tion in the lab frame of a right-handed circularly polarized 
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where E hr is 

hAf < < < l. 
Therefore, 

The atom component is 
7 2« ~ * -^TT- 7 = 6. 



1 

/ 1 


\i 


f i 
/ 




/ i 

— ■■ i 


Aw \ 



Fig. 5. Broadening of the spectral line due to the rise-time and 
shifting of the spectral line due to the radiative reaction. The res- 
onant lme shape has width f. The level shift is Aa>. 



1 case of the electric multipqle moment is 

1 _ power 
t energy' 

T [Aw] 

VA/ V«o[(2/+l)!!] J I, / 7 

E(a>) oc f e -V™di=-L. 
Vo a — ia> 



(60) 




(66) 

(67) 
(68) 

(69) 



%(70) 



11 



(71) 




The relationship between the rise-time and thj 
for exponential decay is 

tr-I. 

The energy radiated per unit 

15. Lamb s%t t 

The Lamb shift of the 2 P in state of the hydrogen atom 
is due to conservation of linear momentum of the electron, 
atom, and photon. The electron component is 



The sum of the components is 
A/= 1052 MHz + 6.5 MHz 
The experimental Lamb si 

16. Instability exri&&states 

j^F' 

rgy states of the hydrogen atom, (Tp***, 
surface charge due to the trapped pho- 
orbitsphere, given by Eqs. (46) and (47) 

+**{mo, m + c ia »'m] ^ - rn % (72 ) 



13 



15 

17 
19 



where /i = 2,3, 4,..., . Whereas, ff dertI on, the two-dimensional 
surface charge of the electron orbitsphere given by Eq. (26) 21 



^electron — 



+Re{Y?{0,4,)[\ + e^']}]5(r - r„). 



(73) 



(65) 



The superposition of (Eq. (72)) and is equiv- 23 

alent to the sum of a radial electric dipole represented by a 
doublet function and a radial electric monopole represented 25 
by a delta function. 

Cpboton + ^electro 

= 4^)? fa' *™ r ~ r "> " 1^(0, mr - r.) 

-(» + ;) tMtf(* ( *X1 + ^]}Wr - r.)] , 

(74) 27 
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hydrogen spectrum. The relationship between the electric 
field equation and the trapped photon source charge-density 
function is given by Maxwell's equation in two dimensions. 



n.(E, -&)=-. 



(46) 



The photon standing electromagnetic wave is phase matched 
with the electron 



[7, pp. 739-752] 
If 2 ~ CO 2 

The magnetic moment is defined as 

charge x angular momentum 
fi ~ 2 x mass 



(53) 



(54) 



-r 0 V,*)+%o°(M) 

ft 



IV pbotoo «,/,/« ~ ^neo r<'+ 2 > 

+Re{Y?(9, <f>)[\ + e^']}]] b\r - r„), (47) 
ohi — 0 for m — 0, 
<T=1,2,. ..,n- 1, 

m=-<r,-<r+ i,...,o,...,+<r, 

. e(na H Y 1 



The radiation of a multipole of order (/, m) carries mh units 
of the z component of angular momentum per photon of 
energy hay. Thus, the z component of the angular momentum 
of the corresponding excited state electron orbitsphere is 

Lj = mfi. 



Therefore, 
emh 



2m c 



Ertottl ~ • 



4,) + -lYl(0,4>) 



47teor 2 4neo H /+2 > 
+Re{Y?{d, $)[\ + e iQ *']}]] 6{r - /■„), 
a>n = 0 for m = 0. 

For r = nan and m = 0, the total radial electric field is 
1 e 



where /ib is the Bohr magneton, 
is 



(48) 



The spin and orbii 
principal excited stai 
are split by th&energy 



n»spin/orb 



total — — 



(49) 



[,-±]=Av=*«>. 



n 4n£o(na//) 2 ' 

The energy of the photon which excites a mode in the 
electron spherical resonator cavity from radius an to radius 
nan is 

^photon g neoafJ 

The change in angular velocity of the orbii 
excitation from n = 1 to n is 

h h = h 

" me(atf) 2 m e (na H y m e (aj 

The kinetic energy change of tn£PaTC&iol 

1 3 The change in angula^Bj fcto Qj jthe electron orbitsphere is 
identical to the anjuLar^^^ny^f the photon necessary for 

15 the GXC\tation^ 1 ^^^^SSSborT€spondence principle holds. 
It can be demons8|3^$at the resonance condition between 

17 these freqiSteies fj|to be satisfied in order to have a net 
change of mfeWgy field [8], 



13. Orbital and spin splitting 
The ratio of the square of the angular momentum, M 2 , to 





pes superimpose; thus, the 
levels of the hydrogen atom 



eh _ 

m s g — B where 

771© 



(58) 




For the electric dipole transition, the selection rules are 
Am = 0,±l, (59) 



21 



the square of the energy, U , for a pure (^,m) multipole is 



Am s = 0. 



14. Resonant line shape and Iamb shift 

The spectroscopic linewidth shown in Fig. 5 arises from 
the classical rise-time band-width relationship, and the Lamb 
shift is due to conservation of energy and linear momen- 
tum and arises from the radiation reaction force between the 
electron and the photon. It follows from the Poynting power 
theorem with spherical radiation that the transition proba- 
bilities are given by the ratio of power and the energy of the 
transition [7, pp. 758-763]. The transition probability in the 
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F a 2 r ^+i) i 

21 [<P +2S+ 1J ' 

r=.* 2 



(33) 



~2m t ri' 

(^rototKXttl, orbital) = 0. 



(34) 
(35) 

1 From Eq. (35), the time average rotational energy is zero; 

thus, the principal levels are degenerate except when a mag- 
3 netic field is applied. 



9. Nonradiation condition (acceleration without 
radiation) 

The Fourier transform of the electron charge-density 
7 function is a solution of the four-dimensional wave equa- 
tion in frequency space (k,o> space). Then the corre- 
9 sponding Fourier transform of the current-density function 
K(s t B, <d) is given by multiplying by the constant angu- 
1 1 lar frequency. 



11. Energy calculations 

From Maxwell's equations, the potential energy K, kinetic 
energy 7\ electric energy or binding energy E clc are 

= -Z 2 x 4,3675 x 10 -18 J 



T = 



4neon 4neoan 
= -Z 2 x 27.2 eV, 

zV 



= Z 2 x 13.59 eV, 



r = £ e ic= - / E 2 dr where E= - 

Z Joo 



Ze 



(39) 
(40) 
(41) 



K(s, 0, <P,o>) = 4^222^ A 
2r»r. ^ 



(t>- l)t(»- 1)! (ncosSy^n^ (»- l)!** 



^^"s^^- 2 x 21786 xio " u ^ 

= -Z 2 x 13.598 eV. 

The calculated Rydberg constant 
experimental Rydberg constant is 

12. Excited states 

CQM gives closed'fo^solutions for the resonant photons 
and excited stateLeJectron%nctions. The angular momentum 

:Jt>X 




of the phofoffgi 



®2*£ 



(-lr'^sin^ 0 -') f(i)r(v+l) 



, (o— l)!(o— 1)! (k cos *)*►+' 2"- 1 

* (^Z1)!^ 2 ^W^ ~ + + 

s» •Y» = s n •c-(o H implies r, = vU Spacetime 
of co„/c = k or (D H /cy/e/ei= k for which the ] 
form of the current-density function is nonze 
Radiation due to charge motion does, 
medium when this boundary condition 
is also determined from the fields 
tions [1].) 



fell's equa- 2nr~nXy 
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25 





(43) 

-m^^^^ 9 PP- 739-779]. The change in angular ve- 
*rowof nlfc electron is equal to the angular frequency of 
the Tenant photon. The energy is given by Planck's equa- 
m. The predicted energies, Lamb shift, hyperfine structure, 
v Jonant line shape, line width, selection rules, etc. are in 
agreement with observation. 

The orbitsphere is a dynamic spherical resonator cavity 
which traps photons of discrete frequencies. The relationship 
between an allowed radfus and the photon standing wave 
wavelength is 



(44) 



10. Force balance 

The radius of ^5^gfetive (n = 1 ) state is solved us- 
ing the electron^BfcTorfe equations of Maxwell relating 
the chargejand rnfj^-<ft%sity functions wherein the angular 
momentum 6^e^e|etetron is given by Planck's constant bar. 
The reduced mass arises naturally from an electrodynamic 
interaction between the electron and the proton. 
»i_ e Ze I h 2 
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(38) 



where n is an integer. The relationship between an allowed 
radius and the electron wavelength is 47 

2n(nr, ) = 2nr n = nX } = X*, (45) 

where «= 1,2,3,4,... . The radius of an orbitsphere in- 
creases with the absorption of electromagnetic energy. The 49 
radii of excited states are solved using the electromagnetic 
force equations of Maxwell relating the field from the charge 5 1 
of the proton, the electric field of the photon, and charge- 
and mass-density functions of the electron wherein the 53 
angular momentum of the electron is given by Planck's 
constant bar (Eq. (37)). The solutions to Maxwell's equa- 55 
tions for modes that can be excited in the orbitsphere 
resonator cavity give rise to four quantum numbers, and 57 
the energies of the modes are the experimentally known 
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Eq- (21 ) giJSs the total energy of the flip transition which 
is the sum of the energy of reorientation of the magnetic 
moment (1st term), the magnetic energy (2nd term), the 
electric energy (3rd term), and the dissipated energy of a 
fluxon treading the orbitsphere (4th term), respectively, 



-'( 



i + f + 

2n 



(22) 



where the stored magnetic energy corresponding to the 
dfdt[jiioll • H] term increases, the stored electric energy 
corresponding to the d/dt[\eoE • E] term increases, and 
the J • E term is dissipative. The spin-flip transition can be 
considered as involving a magnetic moment of g times that 
of a Bohr magneton. The g factor is redesignated the fluxon 
g factor as opposed to the anomalous g factor. The calcu- 
lated value of g/2 is 1.001159652137. The experimental 
value [4] of g/2 is 1.001159652188(4). 



7. Angular functions 

The time, radial, and angular solutions of the wave equa- 
tion are separable. Also based on the radial solution, the 
angular charge and current-density functions of the electron, 
A{9 i ^> J t) y must be a solution of the wave equation in two 
dimensions (plus time), 



/l(0,<M) = O, 



where p(r, ft & 0 = f(r)A(9 t <f>, t) = ( l/r^r-r^ft 0, t\ 
and A(9,<t>,t)= Y(9 y <t>)k(t) 



1 



Hsinfl 39 



8. Spin and orbital parameters 

The total function that describes the spinning motion of 
each electron orbitsphere is composed of two functions. One 
function, the spin function, is spatially uniform over the 
orbitsphere, spins with a quantized angular velocity, and 
gives rise to spin angular momentum. The other function, 
the modulation function, can be spatially uniform in which 
case there is no orbital angular momentum and the magnetic 
moment of the electron orbitsphere is one Bohr magneton or 
not spatially uniform in which case there is orbital angular 
momentum. The modulation function also rotates with a 
quantized angular velocity. 

The spin function of the electron corresponds J 
radiative n — 1 , £ = 0 state of atomic hydrogen ^ * 
known as an s state or orbital. (See Fig.Jfctf 
function and Fig. 2 for the current func^n.) . 
with the t quantum number not equajtoj ,.. r ,., 
spin function is modulated by a tm#'ana^^erical harmonic 
function as given by Eq. (26)^ an^showb in Fig. 3. The 
modulation or traveling cfiax^o^sir^wSfve corresponds to 
an orbital angular momenrulm^a&dition to a spin angular 
momentum. These state^'are t^ically referred to as p, d, f, 
etc. orbital s. Applica^cWdf Hafts* s [2] condition also pre- 
dicts nonradiation for a constant spin function modulated by 
a time and sphencajly harmonic orbital function. There is ac- 
celeration without radiation. (Also see Abbott and Griffiths 
and Gp^ecke [5,^) However, in the case that such a state 
arise^ A a#excJtSl state by photon absorption, it is radiative 
du? to ^raidial dipole term in its current-density function 
^Im^it possesses spacetime Fourier Transform components 
synchronous with waves traveling at the speed of light [2]. 
^ee Instability of Excited States" section.) 

i, 




( sin O-^z) + ■> * 2 /» ( "TTj ^ ^ti£^' ^^^S.l. Moment of inertia and spin and rotational energies 




■erection. The 
action factor 



23 where t; is the linear velocity _ol 
charge-density functions includii 

25 ** % I 



P(r, 0, *, I) = ^ifczffiimO. 4>) + tf (ft *)]• (25) 



h — Apin — 



2 ' 



S>0, 



L t = I<oi t = ±j> 



^rotation*! — ^rotaticmal.spm — T Us 



1 I Hit 

2 2 



(27) 
(28) 



p{r, ft 4> y 0 -tyfifr - r„)][ (ft *) 
+Re{Y?(e,<t>)[\+er"']}l 



S>0, 



(26) 



_£(^ 



M>7(ft*)U + e^']}=My?(M) + YMW 0 *'} 
27 = /^(cos 9) cos m<f> + /^(cos 9) cos(m<£ + a> n t) and co, = 0 
for m = 0. 



/orWtii = rn t r\ 
Lj = mh, 

Lt total — spin + 



(^)] 

I \m<rij\ 4[2/ spin J 



(29) 

(30) 
(31) 
(32) 
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1 3.2. Points on great circle current loop two 



11 



13 



15 



17 



cos(Aa) -sin (Aa) 
0 cos(Aa) 



-sin(Aa)cos(Aa) 
-sin(Aa) 









>* 







sin(Aa) cos( Aa) sin( Aa) cos z (Aa) 

(10) 

and Act 7 = - Aa replaces Aa for Y^** Aa = Vln; 

The orbitsphere is given by reiterations of Eqs. (9) and 
(10). The output given by the nonprimed coordinates is the 
input of the next iteration corresponding to each successive 29 
nested rotation by the infinitesimal angle where the summa- 
tion of the rotation about each of the x-axis and the y-axis is 
Aa = yfln (1st set) and E^' 1 *"' 1 (Aa 7 ! = Vln 
(2nd set). The current pattern corresponding to great circle 
current loop one and two shown with 8.49 increments of the 
infinitesimal angular variable Aa(Aa') of Eqs. (9) and (10) 
is shown from the perspective of looking along the z-axis 
in Fig. 2. The true orbitsphere current pattern is given as 
Aa(Aa') approaches zero. This current pattern gives rise to 
the phenomenon corresponding to the spin quantum number 
of the electron. 



4. Magnetic field equations of the electron 

1 9 The orbitsphere is a shell of negative charge current corrn 
prising correlated charge motion along great circles. Fof 

21 £ = 0, the orbitsphere gives rise to a magnetic momenj$8f 1 
Bohr magneton [3] 

= A =9.274 x 10-^-'. 

23 The magnetic field of the electron showg^f ig-^js given 




by 



H = — -jd-cosfl-fesinfl) 
w e r» 

eh 

2m e r 

25 The energy stored in the 




(12) 

H = ^3 (12 cosB- kg&fy %®0 r H . (13) 

nram^p? field of the electron is 
E^ = \fM> j^^^m^smedrddd^ (14) 



5. Stern-Gerlach experiment 



(15) 



27 The Stern-Gerlach experiment implies a magnetic 
moment of one Bohr magneton and an associated angular 




The magnetic 
field is constant 
inside of the 
orbitsphere. 



Fig. 4. The magnetic field of an electron orbitspl 



momentum quantum number of 1/2 
quantum number is called the spin 
s (j= |; m, = ± \). The superpo! 
jection of the orbitsphere angular 
S that precesses about the z-axi! 
an angle of 0 = tt/3 and 




S = ±^ft. 

S rotates abouf the z-axis at the Larmor frequency. (Sr), the - 
time averag^ projection of the orbitsphere angular momen- 
tum or^ uh&a^s &f the applied magnetic field is 

..0% 

« -*. (17) 




Electron g factor 



Conservation of angular momentum of the orbitsphere 
permits a discrete change of its kinetic angular momentum 
(r x my) by the applied magnetic field of ft/2, and con- 
comitantly the potential angular momentum (r x eA) must 
change by —ft/2. 

(18) 



(19) 



AL = - - r x eA 

-[1-2]' 

In order that the change of angular momentum, AL, equals 
zero, ^ must be #o = h/2e, the magnetic flux quantum. The 
magnetic moment of the electron is parallel or antiparallel to 
the applied field only. During the spin-flip transition, power 
must be conserved. Power flow is governed by the Poynting 
power theorem, 



V*(ExH) = -| [±*>H.h] 



-|[ieoE.E| - J.E 



(20) 
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Spatial Charge 
Density Punction 





( -2 





VIEW ALONG THE Z AXIS 

Fig. 2. The current pattern of the orbitsphere from the perspective 
of looking along the z-axis. The current and charge density are 
confined to two dimensions at r n = nr\. The corresponding charge 
density function is uniform. 



functions (spherical harmonic functions), and a time har- 
monic function. 



Re{r](M][l + *** ]} - «n0et» 0cos(# + ay) 



P(r, 6, 0 = f(r)A(O t t) = ^ d(r - r„>4(0, 0, /), 



In these cases, the spherical harmonic functid 
to a traveling charge-density wave con 
shell which gives rise to the phenome 
momentum. The orbital functions^ 
stant "spin" function shown \ 




pherical 
rangular 
i the con- 
. 3 are given 

in the "Angular Functions** seci _ 

3- Spin function - ^ ~ 

The orbitspS^s^lj^i^'raKtion comprises a constant 
charge-density fiif&tioh" with moving charge confined to 
a rwcHdimen%^aj^pherical shell. The current pattern of 
the orbitsphere sj>in function comprises an infinite se- 
ries of correlated orthogonal great circle current loops 
wherein each point moves time harmonically with angular 
velocity 

a>» = -^j. (8) 





function modulates the constant (spin) function 
cross-sectional view). 

% 

#jThe current pattern is generated over the surface by a 
ies of nested rotations of two orthogonal great circle 
current loops where the coordinate axes rotate with the 
two orthogonal great circles. Half of the pattern is gen- 
erated as the z-axis rotates to the negative z-axis during 
a 1st set of nested rotations. The mirror image, sec- 
ond half of the pattern is generated as the z-axis rotates 
back to its original direction during a 2nd set of nested 
rotations. 

3.1. Points on great circle current bop one 
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— sin (Act) -sin(Aa)cos(Aa) 
-sin(Aa) 
cos 2 (Aa) 



cos(Aa) 

0 cos(Aa) 
sin(Aa) cos( Aa) sin(Aa) 





r ' l 




/ 







(9) 



and A«'= - Aa replaces Aa for E^"*" Aa=v / 2«; 

E^'l^l-^. 
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universe, the power spectrum of the universe, the microwave 
background temperature, the uniformity of the microwave 
background radiation at 2.7 K with the microkelvin spa- 
tial variation observed by the DASI, the observed violation 
of the GZK cutoff, the mass density, the large-scale struc- 
ture of the universe, and the identity of dark matter which 
matches the criteria for the structure of galaxies. In a special 
case wherein the gravitational potential energy density of a 
blackhole equals that of the Plank mass, matter converts to 
energy and spacetime expands with the release of a gamma 
ray burst. The singularity in the SM is eliminated. 



2. Classical quantum theory of the atom based on 
Maxwell's equations 

One-electron atoms include the hydrogen atom, He + , 
Li 2+ , Be 3+ , and so on. The mass-energy and angular 
momentum of the electron are constant; this requires that 
the equation of motion of the electron be temporally and 
spatially harmonic. Thus, the classical wave equation 
applies and 



The orbitsphere has zero thickness. 
It is a two-dimensional surface. 




Fig. 1. The orbitsphere is a two-dimensional sphericakpell with 



the Bohr radius of the hydrogen atom. 




.11.] 

v 1 a/ 2 J 



p(r,0,&') = O, 



(1) 



which defines a constant charge 
where r H = nr\ . Given time harm; 
delta function, the relationship 
and the electron wavelenj 

2nr n - 1,. 

Using the de Brogliei&atSmship for the electron mass where - 



teal shell 
a radial 
allowed radius 

(3) 



where p(r,9 f <f> t t) is the time-dependent charge-density 
function of the electron in time and space. In general, the 
wave equation has an infinite number of solutions. To ar- 
rive at the solution which represents the electron, a suitable 
boundary condition must be imposed. It is well known from 
experiments that each single atomic electron of a giv< 
isotope radiates to the same stable state. Thus, the pi 
boundary condition of nonradiation of the bound 
was imposed on the solution of the wave equatij 
time-dependent charge-density function of 
The condition for radiation by a moving poi 
by Haus [2] is that its spacetime 
possess components that are sync] 
eling at the speed of light Convj 



the coordinates are spnel^al, 

^ h '^k* 



the condition for nonradiation ] 
point charges that compris 





00 



le of the velocity for every point on the 

(5) 

e sum of the L/, the magnitude of the angular momentum 
of each infinitesimal point of the orbitsphere of mass m/, 
must be constant The constant is ft. 



EIM = |r x m,v| = m t r n = ft. 



(6) 



ble of moving 
city function is 



the %rrent-density Junction 
vurier components that 
>es traveling at the speed of 



For nonradiative stati 
must NOT possess s 
are synchronox 

light • % 

The rime;^ial r ;and angular solutions of the wave equa- 
tion are separalleTThe motion is time harmonic with fre- 
quency ct)„. A constant angular function is a solution to the 
wave equation. The solution for the radial function which 
satisfies the boundary condition is a radial delta function 



45 /W-^r-r.) 



(2) 



Thus, an electron is a spinning, two-dimensional spherical 
surface, called an electron orbitsphere, that can exist in a 
bound state at only specified distances from the nucleus as 
shown in Fig. 1. The corresponding current function shown 
in Fig. 2 which gives rise to the phenomenon of spin is 
derived in the "Spin Function** section. 

Nonconstant functions are also solutions for the angu- 
lar functions. To be a harmonic solution of the wave equa- 
tion in spherical coordinates, these angular functions must 
be spherical harmonic functions. A zero of the spacetime 
Fourier transform of the product function of two spherical 
harmonic angular functions, a time harmonic function, and 
an unknown radial function is sought. The solution for the 
radial function which satisfies the boundary condition is also 
a delta function given by Eq. (2). Thus, bound electrons 
are described by a charge-density (mass-density) function 
which is the product of a radial delta function, two angular 
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Abstract 

A theory of classical quantum mechanics (CQM) is derived from first principles that successfully 
on all scales. Using Maxwell's equations, the classical wave equation is solved with the con! 
cannot radiate energy. By further application of Maxwell's equations to electromagnetic and 
production, the Schwarzschild metric (SM) is derived from the classical wave equation whj 
include conservation of spacetime in addition to momentum and matter/energy. The result 
Maxwell's equations, special relativity, and general relativity. It gives gravitation 
Published by Elsevier Science Ltd on behalf of the International Association for Hydr$||ipEnergy. 



1. Introduction , 

A theory of classical quantum mechanics (CQM), derived 
from first principles, successfully applies physical laws on,; * 
all scales [1]. The classical wave equation is solved wit&t 
the constraint that a bound electron cannot radiate 
The mathematical formulation for zero radiation 
Maxwell's equations follows from a derivatioj 
[2]. The function that describes the motion ojihej 
must not possess spacetime Fourier cor 
synchronous with waves traveling at^ 
CQM gives closed form solutions for flll fcaj dm*Tjjriuding the 
stability of the n = 1 state and thfl(fi^^n%t of the excited 
states, the equation of the phojfc anSgtfecforon in excited 



states, the equation of tbe^ 
predict the wave particl 
light. The current anc^cl 
tron may be 
spin angular 
tively charged 
for angula£ta 






*are 
light. 



f and photon which 
tvior of particles and 
lity functions of the elec- 
terpreted For example, 
ts from the motion of nega- 
g systematically, and the equation 
can be applied directly to the 



wave funcudi^^rrent density function) that describes the 
electron. The magnetic moment of a Bohr magneton, Stem 



* Corresponding author. Tel.: +1-609-490-1090; fax: + 1-609- 
490-1066. 

E-mail address: mulls@blacWightpower.com (R.L. Mills). 
1 URL: www.blacklightpower.com 





ne^ph^slcal laws 
thal% bound electron 
tonajpelds at particle 
"feneral relativity to 
relationship between 
the cosmos. © 2001 



fit, g factor, Lamb shift, resonant I ine width 35 
tion rules, correspondence principle, wave 
tide (JfSSity, excited states, reduced mass, rotational 37 
enefws, and momenta, orbital and spin splitting, spin- 
orbital coupling, Knight shift, and spin-nuclear coupling, 39 
ionization energies of two electron atoms, elastic electron 
• ' scattering from helium atoms, and the nature of the chemical 4 1 
bond are derived in closed form equations based on 
Maxwell's equations. The calculations agree with experi- 43 
mental observations. 

For any kind of wave advancing with limiting velocity and 45 
capable of transnritting signals, the equation of front prop- 
agation is the same as the equation for the front of a light 47 
wave. By applying this condition to electromagnetic and 
gravitational fields at particle production, the Schwarzschild 49 
metric (SM) is derived from the classical wave equation 
which modifies general relativity to include conservation of 51 
spacetime in addition to momentum and matter/energy. The 
result gives a natural relationship between Maxwell's equa- 53 
tions, special relativity, and general relativity. It gives grav- 
itation from the atom to the cosmos. The universe is time 55 
harmonically oscillatory in matter energy and spacetime ex- 
pansion and contraction with a minimum radius that is the 57 
gravitational radius. In closed form equations with funda- 
mental constants only, CQM gives the deflection of light by 59 
stars, the precession of the perihelion of Mercury, the par- 
ticle masses, the Hubble constant, the age of the universe, 61 
the observed acceleration of the expansion, the power of the 



0360-3 199/01/$ 20.00 © 2001 Published by Elsevier Science Ltd on behalf of the International Association for Hydrogen Energy. 
PII: S0360-3199(01)00144-6 



16 



RANDELL L. MILLS 



22. R. Cowen, Living with lambda, Science News, 153(22), 344 (1 998). 

23. R. Cowen, Studies support an accelerating Universe, Science News, 1 54(1 8), 277 (1 998). 

24. P. de Bemardis et al., A flat Universe from high-resolution maps of the cosmic microwave 
background radiation, Nature, 404, (2000), p. 955; http://www.physics.ucsb.edu/-boomerang. 



15 



THE GRAND UNIFIED THEORY OF CLASSICAL QUANTUM MECHANICS 



of the radius of the Universe, K , may be written as 



( 



\ 



X 




4nG 



cm. 



2nGm i 

l~7~ 




(52) 



which is a solution of the wave equation for a light wave front. 



17, CONCLUSION 

Maxwell's equations, Planck's equation, the de Broglie equation, Newton's laws, 
and special, and general relativity are unified. 
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15. THE PERIODS OF SPACETIME EXPANSION/CONTRACTION AND 
PARTICLE DECAY/PRODUCTION FOR THE UNIVERSE ARE EQUAL 

• ^ ??" «« f * e "P^'on/contraction cycle of the radius of the Universe T is 

ST**?- { $l fr ° m P0ynting P ° Wer ^ s P he ™' raiation 

ttiat the transition lifetimes are given by the ratio of energy and the power of the 

transition. 



T _ energy [^co] 



power 



=_LfAl/irM±Mr_LY /+3 Y ' 



fo,) 2 '© (49) 



Exponential decay applies to electromagnetic energy decay h(t) = e'^'u(t) The 
coordinate time is imaginary because energy transitions are spacelike due spacetime 
expansion from matter to energy conversion. For example, the mass of the electron (a 
fundamental particle) is given by 



2nX c 2nX r . 
= ia sec 



2d^T v -~ (50) 



where Vf is Newtonian gravitational velocity [Eq. (6)]. When the gravitational radius r t 
is tie radius of the Universe, the proper time is equal to the coordinate time by Eq (15) 
and the gravitational escape velocity v, of the Universe is the speed of light. Replacement 
of the coordinate time, r, by the spacelike time, it, gives 



(51) 



where the period is T [Eq. (35)]. The continuity conditions based on the constant 
maximum speed of light (Maxwell's equations) are given by Eqs. (16). The continuity 
conditions based on the constant maximum speed of light (Schwarzschild metric) are 
given by Eqs. (17-18). The periods of spacetime expansion/contraction and particle 
decay/production for the Universe are equal because only the particles which satisfy 
Maxwell s equations and the relationship between proper time and coordinate time 
imposed by the Schwarzschild metric may exist. 



16. WAVE EQUATION 



general form of the light front wave equations is given by Eq. (1). The equation 
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generally follows the prediction of cold dark matter on the scales of 200 million to 600 
million light-years. However, the power increases dramatically on scales of 600 million 
to 900 million light-years. The infinitesimal temporal displacement, rfr 2 , is given by Eq. 
(13). 

The relationship between the proper time and the coordinate time is 
The power maximum in the proper frame occurs at 

x = 5 x i o' u ght ^Ji- ^;^;;;;;' g g g = sso x 1 0 « ^ . m 

y 3.22 A 10 light years 



The power maximum of the current observable Universe is predicted to occur on the 
scale of 880 X 10 6 light years. There is excellent agreement between the predicted value 
and the experimental value of 600-900^ 10 6 light years. 17 



14. THE EXPANSION/CONTRACTION ACCELERATION, X 

The expansion/contraction acceleration rate, X , is given by the time derivative of 
Eq. (41). 



X = 2n cos 

Gm„ 



In 



2nGm„ 

—z-sec 

\ c j 



K = IS.lcol — A 



km 



sec- Mpc 



(48) 



The differential in the radius of the Universe, AX , due to its acceleration is given by 
AX = l/2Xr 2 . The differential in expanded radius for the elapsed time of expansion, 
t - 10 10 light years corresponds to a decease in brightness of a supernovae standard candle 
of about an order of magnitude of that expected where the distance is taken as AX. This 
result based on the predicted rate of acceleration of the expansion is consistent with the 
experimental observation. 21-23 

Furthermore, the microwave background radiation image obtained by the 
Boomerang telescope 24 is consistent with a Universe of nearly flat geometry since the 
commencement of its expansion. The data is consistent with a large offset radius of the 
Universe with a fractional increase in size since the commencement of expansion about 
10 billion years ago. 
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mass as a function of time and the volume as a function of time. 



2ia 



\ + cos 



2nGm, 



(f 



4 

— ?t 
3 



2Gtti v cm v 



4nG) 



-cos 



4nG 



2ltf 



(43) 



for / = 1 0 10 light years , p y = 1.7 X\ 0" H g / cm 5 The density of luminous matter of stars and 
gas of galaxies is about p v = 2 X 10" 31 g/ cm 3 . 19-20 



11. THE POWER OF THE UNIVERSE AS A FUNCTION OF TIME, P v {f) 



From E ~ mc and Eq. (34), 



1,0- 



8tiG 



1 + cay 



271/ 



271^ 



\ c J) 



(44) 



For / = 10 l0 /igA/ years P,,(<) = 288A r lO 5 '0'. The observed power is consistent with 
that predicted. 



12. THE TEMPERATURE OF THE UNIVERSE AS A FUNCTION OF TIME 

The temperature of the Universe as a function of time, T v (t), follows from the 
Stefan-Boltzmann law. 



1 

, Gm v k) l ea J 



i 



1 , Gm uj() 



T .40 

47iX(f) 



(45) 



The calculated uniform temperature is about 2.7 K which is in agreement with the 
observed microwave background temperature. 10 



13. POWER SPECTRUM OF THE COSMOS 

The power spectrum of the cosmos, as measured by the Las Campanas Survey, 



11 



THE GRAND UNIFIED THEORY OF CLASSICAL QUANTUM MECHANICS 



The maximum radius of the Universe, the amplitude, r 0i of the time harmonic 
variation in the radius of the Universe, is given by the quotient of the total mass of the 
Universe and Q y the mass/energy to expansion/contraction quotient. 



m v _ 2X\0 S4 kg 



c 

4nG 



c 

4nG 



= 1.97*10 12 light years. 



(39) 



The minimum radius which corresponds to the gravitational radius r^, given by Eq. (11) 
with m 0 =mu is 3.12 X 10 n light years. When the radius of the Universe is the 
gravitational radius, r gs the proper time is equal to the coordinate time by Eq. (15) and the 
gravitational escape velocity v g of the Universe is the speed of light. The radius of the 
Universe as a function of time is 



2nt 



2nr n 



2Gm„ 



c 

4nG 



271/ 



2nGm rf 



(40) 



The expansion/contraction rate, X , is given by time derivative of Eq. (40) 



X = 4itcX\(T*sin 



2nt 
2%Gm u 



\ c J 



km 

sec 



(41) 



9. THE HUBBLE CONSTANT 

The Hubble constant is given by the ratio of the expansion rate given in units of 
km/sec divided by the radius of the expansion in Mpc. The radius of expansion is 
equivalent to the radius of the light sphere with an origin at the time point when the 
Universe stopped contracting and started to expand. 



47tC*l(r 3 *>! 



2nt 



2uGin rr 



km 

sec 



t Mpc 



tMpc 



(42) 



for r = 10 10 light years = 3.069 X \0 3 Mpc , the Hubble constant, H 0 , is 78.6 km/secMpc. The 
experimental value is 18 H o =80 ±17 km/sec Mpc. 



10. THE DENSITY OF THE UNIVERSE AS A FUNCTION OF TIME 

The density of the Universe as a function of time p y (/) is given by the ratio of the 
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Observations beyond the beginning of the expansion phase are not possible since the 
Universe is entirely matter filled. 

12. The Period of Oscillation of the Universe Based on Closed Propagation of Light 

Mass/energy is conserved during harmonic expansion and contraction. The 
gravitational potential energy E grav given by Eq. (28) with m 0 = m v is equal to myc 2 when 
the radius of the Universe r is the gravitational radius r G . The gravitational velocity v c 
[Eq. (30) with r~rc and m 0 — nty] is the speed of light in a circular orbit wherein the 
eccentricity is equal to zero and the escape velocity from the Universe can never be 
reached. The period of the oscillation of the Universe and the period for light to 
transverse the Universe corresponding to the gravitational radius r G must be equal. The 
harmonic oscillation period, 7, is 



where the mass of the Universe, m u , is approximately 2 X \0 54 kg. (The initial mass of 
the Universe of 2 X 10 54 £g is based on internal consistency with the size, age, Hubble 
constant, temperature, density of matter, and power spectrum.) Thus, the observed 
Universe will expand as mass is released as photons for 4.92 X \Q n years. At this point in 
its world line, the Universe will obtain its maximum size and begin to contract. 



8. THE DIFFERENTIAL EQUATION OF THE RADIUS OF THE UNIVERSE 

Based on conservation of mass/energy (E=mc 2 ) and spacetime {c*/4nG=?>22 X 10 34 
kg/sec). The Universe behaves as a simple harmonic oscillator having a restoring force, 
F, which is proportional to the radius. The proportionality constant, k , is given in terms 
of the potential energy, E, gained as the radius decreases from the maximum expansion to 
the minimum contraction. 



Since the gravitational potential energy E^ is equal to myc 2 when the radius of the 
Universe r is the gravitational radius r G 




(35) 




(37) 



And, the differential equation of the radius of the Universe, X is 




N = 0. 



(38) 
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blackhole will escape when the decay rate of the trapped matter with the concomitant 
spacetime expansion is greater than the effects of gravity which oppose this expansion. 
Gamma-ray bursts are the most energetic phenomenon known that can release an 
explosion of gamma rays packing 100 times more energy than a supernova explosion/ 
The annihilation of a blackhole may be the source of y-ray bursts. The source may be due 
to conversion of matter to photons of the Planck mass/energy which may also give rise to 
cosmic rays which are the most energetic particles known, and their origin is also a 
mystery. 8 According to the GZK cutoff, the cosmic spectrum cannot extend beyond 5 X 
10 19 eK, but AGASA, the world's largest air shower array, has shown that the spectrum is 
extending beyond \0 20 eV without any clear sign of cutoff. 9 Photons each of the Planck 
mass may be the source of these inexplicably energetic cosmic rays. 



7. RELATIONSHIP OF MATTER TO ENERGY AND SPACETIME EXPANSION 

The Schwarzschild metric gives the relationship whereby matter causes relativistic 
corrections to spacetime. The limiting velocity c results in the contraction of spacetime 
due to particle production, which is given by 2nr g where r g is the gravitational radius of 

the particle. This has implications for the expansion of spacetime when matter converts to 
energy. Q the mass/energy to expansion/contraction quotient of spacetime is given by the 
ratio of the mass of a particle at production divided by T the period of production. 

e = ^ = ^ = _^_ = ^L = 3 .22^10^. (34) 
T 2?t 2Gm 0 4nG sec 

c c 2 



The gravitational equations with the equivalence of the particle production energies 
[Eq. (16)] permit the conservation of mass/energy (E=mc 2 ) and spacetime (c 3 /47tG=3.22 
X 10 34 kg/sec). With the conversion of 3.22 X 10 34 kg of matter to energy, spacetime 
expands by 1 sec. The photon has inertial mass and angular momentum, but due to 
Maxwell's equations and the implicit special relativity it does not have a gravitational 
mass. 



7.1, Cosmological Consequences 

The Universe is closed (it is finite but with no boundary). It is a 3-sphere Universe- 
Riemannian three dimensional hyperspace plus time of constant positive curvature at 
each r-sphere. The Universe is oscillatory in matter /energy and spacetime with a finite 
minimum radius, the gravitational radius. Spacetime expands as mass is released as 
energy which provides the basis of the atomic, thermodynamic, and cosmological arrows 
of time. Different regions of space are isothermal even though they are separated by 
greater distances than that over which light could travel during the time of the expansion 
of the Universe. 10 Presently, stars and large scale structures exist which are older than the 
elapsed time of the present expansion as stellar, galaxy, and supercluster evolution 
occurred during the contraction phase. 11 " 17 The maximum power radiated by the Universe 
which occurs at the beginning of the expansion phase is Pu=c 5 /47tG = 2.89 X }(? } W. 
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6.1. Relationship of the Equivalent Planck Mass Particle Production Energies 

For the Plank mass particle, the relationships corresponding to Eq. f (16) are: (mass 
energy = Planck equation energy = electric potential energy = magnetic energy = 
gravitational potential energy = mass/spacetime metric energy) 

m 0 c 2 = hm = V = E^ = = £^,^ (31) 

These equivalent energies give the particle masses in terms of the gravitational 
velocity, v Gy and the Planck mass, m u 



6.2. Planck Mass Particles 

A pair of particles each of the Planck mass corresponding to the gravitational 
potential energy is not observed since the velocity of each transition state orbitsphere is 
the gravitational velocity, v G that in this case is the speed of light; whereas, the 
Newtonian gravitational escape velocity v g is V? the speed of light In this case, an 
electromagnetic wave of mass energy equivalent to the Planck mass travels in a circular 
orbit about the center of mass of another electromagnetic wave of mass energy equivalent 
to the Planck mass wherein the eccentricity is equal to zero and the escape velocity can 
never be reached. The Planck mass is a "measuring stick." The extraordinarily high 
Planck mass ( Jhc/G -2.18^10"'^) is the unobtainable mass bound imposed by the 
angular momentum and speed of the photon relative to the gravitational constant. It is 
analogous to the unattainable bound of the speed of light for a particle possessing finite 
rest mass imposed by the Minkowski tensor. 

63. Astrophysical Implications of Planck Mass Particles 

The limiting speed of light eliminates the singularity problem of Einstein's equation 
that arises as the radius of a blackhole equals the Schwarzschild radius. General relativity 
with the singularity eliminated resolves the paradox of the infinite propagation velocity 
required for the gravitational force in order to explain why the angular momentum of 
objects orbiting a gravitating body does not increase due to the finite propagation delay of 
the gravitational force according to special relativity. 6 When the gravitational potential 
energy density of a massive body such as a blackhole equals that of a particle having the 
Planck mass, the matter may transition to photons of the Planck mass. Even light from a 
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h 2 
m 0 X 2 c 
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m e = 9AQ97X 10'" kg -\&eV/c 2 (v e ) = 9.1094* lO" 31 ^-, 
'» < e^ M «u = 9.1095*10- 31 ^. 

5.2. Down-Down-Up Neutron (DDU) 

The corresponding equation for production of the neutron is 



(20) 

(21) 
(22) 
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6. GRAVITATIONAL POTENTIAL ENERGY 

The gravitational radius, a G or r G , of an orbitsphere of mass m 0 is defined as 

C 

when the r c = rj = X c , the gravitational potential energy equals m^c 2 

_ Gm 0 _ _ ft 
c m 0 c 

E *™-— 1 = = ™ =m o c • 

The mass m 0 is the Planck mass, m u , 



(23) 

(24) 
(25) 



(26) 

(27) 
(28) 

(29) 



the corresponding gravitational velocity, v<j, is defined as 
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\2GM . \lGM .v, 

When the orbitsphere velocity is the speed of light, continuity conditions based on 
the constant maximum speed of light given by Maxwell's equations are mass energy = 
Planck equation energy = electric potential energy = magnetic energy = mass/spacetime 
metric energy. Therefore, mc 1 = hxs! = V = E =E 

^ 'o *-*mag ^ spoettime 

= to* = -*L = a - g2 = a -« w'*' = 5Z , 1 6 ^ 

The continuity conditions based on the constant maximum speed of light given by 
the Schwarzschild metric are: 

proper time gravitational wave condition gravitational mass phase matching 
coordinate time electromagnetic wave condition ~ charge/inertial mass phase matching 




proper time . \ c 2 X c g 
coordinate time a 'ac 



5. MASSES OF FUNDAMENTAL PARTICLES 

Each of the Planck equation energy, electric energy, and magnetic energy 
corresponds to a particle given by the relationship between the proper time and the 
coordinate time. The electron and down-down-up neutron correspond to the Planck 
equation energy. The muon and strange-strange-charmed neutron correspond to the 
electric energy. The tau and bottom-bottom-top neutron correspond to the magnetic 
energy. The particle must possess the escape velocity v g relative to the antiparticle where 
v g <c. According to Newton's law of gravitation, the eccentricity is one and the particle 
production trajectory is a parabola relative to the center of mass of the antiparticle. 

5.1. The Electron-Antielectron Lepton Pair 

A clock is defined in terms of a self consistent system of units used to measure the 
particle mass. The proper time of the particle is equated with the coordinate time 
according to the Schwarzschild metric corresponding to light speed. The special 
relativistic condition corresponding to the Planck energy gives the mass of the electron. 



x JL = sec l 
mc V 



2Gm 2 
ca 2 h 



2n — r = sec J — — . (19) 
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mass m 0 and the corresponding general form of the metric are respectively 



2Gm n 



(ID 



</ T 2 =|l--*- 
r 



dt 1 - 



(12) 



The metric g^ for non-euclidean space due to the relativistic effect on spacetime due to 
mass m n is 



& (IV 



-i-r 2 sm 2 0 
c 



(12a) 



Masses and their effects on spacetime superimpose. The separation of proper time between two 
events x* 1 and * H + dx* is 



(13) 



The Schwarzschild metric[Eq. (12a)] gives the relationship whereby matter causes 
relativistic corrections to spacetime that determines the curvature of spacetime and is the 
origin of gravity. 

4.2. Particle Production Continuity Conditions from Maxwell's Equations, and the 
Schwarzchild Metric 

The photon to particle event requires a transition state that is continuous wherein the 
velocity of a transition state orbitsphere is the speed of light The radius, r, is the 
Compton wavelength bar, x c , given by Eq. (5). At production, the Planck equation 

energy, the electric potential energy, and the magnetic energy are equal to m<£ 2 . 

The Schwarzschild metric gives the relationship whereby matter causes relativistic 
corrections to spacetime that determines the masses of fundamental particles. 
Substitution of r = X c ; dr = 0 ; dB = Q; sin 2 0 = 1 into the Schwarzschild metric gives 



dx 



(14) 



with v 2 



= c 2 , the relationship between the proper time and the coordinate time is 
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= = r a > 



(5) 



The particle must have an orbital velocity equal to Newtonian gravitational escape 
velocity v g of the antiparticle. 



llGm 



(6) 



The eccentricity is one. The orbital energy is zero. The particle production trajectory 
is a parabola relative to the center of mass of the antiparticle. 

4.1 A Gravitational Field as a Front Equivalent to Light Wave Front 

The particle with a finite gravitational mass gives rise to a gravitational field that 
travels out as a front equivalent to a light wave front. The form of the outgoing 

gravitational field front traveling at the speed of light is f(t - r/c) and di 2 is given by 



dx 2 = f(r}it 2 -- L[/*(r>'rfr 2 + rV0 2 + r 2 sin 2 Qd$ 2 ] 



(7) 



The speed of light as a constant maximum as well as phase matching and continuity 
conditions of the electromagnetic and gravitational waves require the following form of 
the squared displacements: 



{cty+{v g t}={cty 



f(r> 



(8) 
(9) 



In order that the wave front velocity does not exceed c in any frame, spacetime must 
undergo time dilation and length contraction due to the particle production event. The 
derivation and result of spacetime time dilation is analogous to the derivation and result 
of special relativistic time dilation wherein the relative velocity of two inertial frames 
replaces the gravitational velocity. 

The general form of the metric due to the relativistic effect on spacetime due to mass 
m 0 with v g given by Eq. (6) is 



dx 2 = 



V v J ) 



V 1 



dr 2 +r 2 dB 2 + r 2 sin 2 Qd$ 2 



(10) 



The gravitational radius, r^of each orbitsphere of the particle production event, each of 
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Minkowski tensor . In this case, the separation of proper time between two events 
and* M + d!x M is dx 1 = -n dx lx dx v . 



3. THE EQUIVALENCE OF THE GRAVITATIONAL MASS AND THE 
INERTIAL MASS 

The equivalence of the gravitational mass and the inertial mass m/rrii = universal 
constant which is predicted by Newton* s law of mechanics and gravitation is 
experimentally confirmed to less 1 X 10" 11 . 4 In physics, the discovery of a universal 
constant often leads to the development of an entirely new theory. From the universal 
constancy of the velocity of light c, the special theory of relativity was derived; and from 
Planck's constant ft, the quantum theory was deduced. Therefore, the universal constant 
nig/mi should be the key to the gravitational problem. The energy equation of Newtonian 
gravitation is 

_ I 2 GMm 1 2 GMm ^ 

E = —mv = —mv 0 = constant (3) 



Since h, the angular momentum per unit mass, is h = L/m = |rx v| = r 0 v 0 sin$ , the 
eccentricity e may be written as 



e = [\ + 



\ 2 2GM ^ r 2 v 2 sin 2 ^ lW2 ( . 

P" r 0 J G 2 M 2 J ' W 



where m is the inertial mass of a particle, v 0 is the speed of the particle, r 0 is the distance 
of the particle from a massive object, $ is the angle between the direction of motion of 

the particle and the radius vector from the object, and M is the total mass of the object 
(including a particle). The eccentricity e given by Newton's differential equations of 
motion in the case of the central field permits the classification of the orbits according to 
the total energy E 5 (column 1) and the orbital velocity squared, v£ , relative to the 
gravitational velocity squared, 2GM/r 0 5 (column 2): 

E < 0 v* < 2GM/r 0 e < 1 ellipse 
E < 0 Vp < 2GM/r 0 e = 0 circle (special case of ellipse) 

£ = 0 vl = 2GM/r 0 e - 1 parabolic orbit 

E > 0 v\> 2GM/r 0 e > 1 hyperbolic orbit 



4. CONTINUITY CONDITIONS FOR THE PRODUCTION OF A PARTICLE 
FROM A PHOTON TRAVELING AT LIGHT SPEED 



A photon traveling at the speed of light gives rise to a particle with an initial radius 
equal to its Compton wavelength bar. 
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particle production, the Schwarzschild metric (SM) is derived from the classical wave 
equation which modifies general relativity to include conservation of spacetime in 
addition to momentum and matter/energy. The result gives a natural relationship between 
Maxwell's equations, special relativity, and general relativity. It gives gravitation from 
the atom to the cosmos. The Universe is time harmonically oscillatory .in matter energy 
and spacetime expansion and contraction with a minimum radius that is the gravitational 
radius. In closed form equations with fundamental constants only, CQM gives the 
deflection of light by stars, the precession of the perihelion of Mercury, the particle 
masses, the Hubble constant, the age of the Universe, the observed acceleration of the 
expansion, the power of the Universe, the power spectrum of the Universe, the 
microwave background temperature, the uniformity of the microwave background 
radiation, the microkelvin spatial variation of the microwave background radiation, the 
observed violation of the GZK cutoff, the mass density, the large scale structure of the 
Universe, and the identity of dark matter which matches the criteria for the structure of 
galaxies. In a special case wherein the gravitational potential energy density of a 
blackhole equals that of the Plank mass, matter converts to energy and spacetime expands 
with the release of a gamma-ray burst. The singularity in the SM is eliminated. 



2. COSMOLOGICAL THEORY BASED ON MAXWELL'S EQUATIONS 

Maxwell's equations and special relativity are based on the law of propagation of a 
electromagnetic wave front in the form 

1/c 2 (to/S/J 1 -[(5©/&c)* + {&o/byf + (S©/5g>) i ]= 0 (1) 

For any kind of wave advancing with limiting velocity and capable of transnntting 
signals, the equation of front propagation is the same as the equation for the front of a 

light wave. Thus, the equation l/c 2 (8(o/btf -(gradtof = 0 acquires a general character; 

it is more general than Maxwell's equations from which Maxwell originally derived it. 

A discovery of the present work is that the classical wave equation governs: (1) the 
motion of bound electrons, (2) the propagation of any form of energy, (3) measurements 
between inertial frames of reference such as time, mass, momentum, and length 
(Minkowski tensor), (4) fundamental particle production and the conversion of matter to 
energy, (5) a relativistic correction of spacetime due to particle production or annihilation 
(Schwarzschild metric), (6) the expansion and contraction of the Universe, (7) the basis 
of the relationship between Maxwell's equations, Planck's equation, the de Broglie 
equation, Newton's laws, and special, and general relativity. 

The relationship between the time interval between ticks / of a clock in motion with 
velocity v relative to an observer and the time interval t 0 between ticks on a clock at rest 
relative to an observer 3 is 

(ct) 1 = (cto) 2 + (vt)\ (2) 

Thus, the time dilation relationship based on the constant maximum speed of light c in 
any inertial frame is r = r 0 / A /l-(v 2 / c2 )- The metric for Euclidean space is the 
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THE GRAND UNIFIED THEORY OF CLASSICAL 

QUANTUM MECHANICS 

Randell L. Mills* 

1. INTRODUCTION 

A theory of classical quantum mechanics (CQM), derived from first principles, 1 
successfully applies physical laws on all scales. The classical wave equation is solved 
with the constraint that a bound electron cannot radiate energy. The mathematical 
formulation for zero radiation based on Maxwell's equations follows from a derivation by 
Haus. 2 The function that describes the motion of the electron must not possess spacetime 
Fourier components that are synchronous with waves traveling at the speed of light. 
CQM gives closed form solutions for the atom, including the stability of the n=l state 
and the instability of the excited states, the equation of the photon and electron in excited 
states, the equation of the free electron, and photon which predict the wave particle 
duality behavior of particles and light. The current and charge density functions of the 
electron may be directly physically interpreted. For example, spin angular momentum 
results from the motion of negatively charged mass moving systematically, and the 
equation for angular momentum, rip, can be applied directly to the wave function, 
called an orbitsphere (a current density function), that describes the electron. The 
magnetic moment of a Bohr magneton, Stern Gerlach experiment, g factor, Lamb shift, 
resonant line width and shape, selection rules, correspondence principle, wave particle 
duality, excited states, reduced mass, rotational energies, and momenta, orbital and spin 
splitting, spin-orbital coupling, Knight shift, and spin-nuclear coupling are derived in 
closed form equations based on Maxwell's equations. The calculations agree with 
experimental observations. 

For or any kind of wave advancing with limiting velocity and capable of transmitting 
signals, the equation of front propagation is the same as the equation for the front of a 
light wave. By applying this condition to electromagnetic and gravitational fields at 
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The flux of 635 A radiation required to produce 
hydrogen ionization is given by F = Ch/ct; = 4.3 x 
10 4 C-o photons cm" 2 s~\ where C-13 is the ioniz- 
ing rate in units of 10" 13 s~ ! per H atom. Reynolds 
(1986) estimates that in the immediate vicinity of the 
Sun, a steady-state ionizing rate of C-13 between 0.4 
and 3.0 is required. To produce this range of ioniza- 
tion, the 635 A intensity we observe would have to be 
distributed over 7-54% of the sky. 
The first soft X-ray background was detected and reported 
[54] about 25 years ago. Quite naturally, it was assumed 
that these soft X-ray emissions were from ionized atoms 
within hot gases. Labov and Bowyer also interpreted the data 
as emissions from hot gases. However, the authors left the 
door open for some other interpretation with the following 
statement from their introduction: 

It is now generally believed that this diffuse soft X-ray 
background is produced by a high-temperature com- 
ponent of the interstellar medium. However, evidence 
of the thermal nature of this emission is indirect in 
that it is based not on observations of line emission, 
but on indirect evidence that no plausible non-thermal 
mechanism has been suggested which does not con- 
flict with some component of the observational 
evidence. 

The authors also state that "if this interpretation is 
correct, gas at several temperatures is present". Specifi- 
cally, emissions were attributed to gases in three ranges: 
5.5 < log T < 5.7; log 7 = 6; 6.6 < log T < 6.8. 

The explanation proposed herein of the observed dark 
interstellar medium spectrum hinges on the possibility of 
energy states below the n — 1 state, as given by Eqs. (2a)^ 
and (3). A number of experimental observations discusset 
in Section 1 lead to the conclusion that atomic hydroge^ta^ 
exist in fractional quantum states that are at lower eijCrg^ 
than the traditional "ground" (n= 1 ) state. The existen^o^^' 
fractional quantum states of hydrogen aton^;expte»s toe 
spectral observations of the extreme ultravioie^b^kground 
emission from interstellar space [53], wmcftinay character- 
ize dark matter as demonstrated in TaBfer3s ff^^bese cases, 
a hydrogen atom in a fractional H(*j), col- 
lides, for example, with a n = ^ydrogein atom, W(\\ and 
the result is an even lowex^ejierg^ hyd&gen atom, H(/if), 
and H( \ ) is ionized. 0' 

H(*i) + H(|) ^Jt^^H^V + photon. (55) 



The energy refe%edj% a photon, is the difference between 
the energie%o/the initial and final states given by Eqs. (2a) 
and (3) minus^ejibnization energy of H( \ \ 54.4 eV. 
Thus, lower-energy transitions of the type 



Table 2 

Energies (Eq. (56)) of several fractional -state transitions catalyzed 
by H[oh/2] 



13.6-54.4 eV 



.111 



A£(eV) 



a (A) 



13.6 
40.80 
68.00 
95.20 
122.4 
149.6 



912 

303.9 
182.4 
130.2 
J 01. 3 
, 82.9 



49 



and nj > /if 



(56) 



induced by a disprorx>rtionation^re%tion J^ith H[^] ought 
to occur. The wavelength igrelalfed tid^£ by 

t, 1-240 x ir^ y^ 

A(,nA)= A£(iney) ^ ^ (5?) 

The energies and waveRSpgtfis of several of these proposed 
transitions ar0hown in Table 2. Note that the lower-energy 
transitions- are in the soft X-ray region. 

3.2.^^^datiPixnd its interpretation 

th^, analysis of the data, Labov and Bowyer [53] es- 
?pa%ished^veral tests to separate emission features from the 
bacf||pund. There were seven features (peaks) that passed 
ir criteria. The wavelengths and other aspects of these 
iaks are shown in Table 3. Peaks 2 and 5 were interpreted 
y Labov and Bowyer as instrumental second-order images 
of peaks 4 and 7, respectively. Peak 3, the strongest feature, 
is clearly a helium resonance line: He (Is^p 1 — ► Is 2 ). At 
issue here, is the interpretation of peaks 1, 4, 6, and 7. It 
is proposed that peaks 4, 6, and 7 arise from the \ —* 
J — ► I, and 5 — * 7 hydrogen atoms transitions given by 
Eq. (55). It is also proposed that peak 1 arises from inelas- 
tic helium scattering of peak 4. That is, the | — ♦ \ transi- 
tion yields a 40.8 eV photon (303.9 A). Conspicuously ab- 
sent is the 256 A (48.3 eV) line of He II which eliminates 
the assignment of the majority of the 303 A line to the He 
II transition. When this photon strikes He (Is 2 ), 21.2 eV 
is absorbed in the excitation to He (ls^p 1 ). This leaves a 
19.6 eV photon (632.6 A), peak 1. For these four peaks, the 
agreement between the predicted values (Table 2) and the 
experimental values (Table 3) is remarkable. 

One argument against this new interpretation of the data 
is that the transition \ — ► | is missing — predicted at 
130.2 A by Eqs. (56)-(57). This missing peak cannot be 
explained into existence, but a reasonable rationale can be 
provided as to why it might be missing from these data. 
The data obtained by Labov and Bowyer are outstanding 
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Table 3 

Emission features of the Labov and Bowyer spectrum and their interpretation 



Peak X Confidence Intensity 

(A) limit (A) photons cm -2 s" 1 sr _1 



Assignment 
(Labov and Bowyer) 



Assignment 
(Mills) 



Predicted X 
(Eq. (56), (57)) 
(A) 



1 


633.0 


-4.7 to +4.7 


19,000 


&+\ Log T = 5.5 


He scattering of 
303.9 line (peak 4) 


633.0 


2 


607.5 


-4.9 to +4.9 


Second order 


Second order 
of 302.5 line 


Second order 
of 303.9 line 


607.8 


3 


584 


-4.5 to +4.5 


70,400 


He resonance 
(ls^p 1 — Is 2 ) 


He resonance 
(Is^p 1 -> Is 2 ) * 


584 


4 


302.5 


-6.0 to +5.9 


2080 


He + ; <2p' to Is 1 ) 


1/3-1/4 




5 


200.6 


-4.4 to +5.3 


Second order 


Second order 
of 101.5 line 


Second order 
of 101.3 line 


M 202^ ^ 

% ?'r- 

% 182.3 

w 


6 


181.7 


-4.6 to +5.1 


1030 


Fe'+and Fe 1 **; 
LogT = 6 


„= 1/4-1/5 | 


7 


101.5 


-5.3 to +4.2 


790 


Fe ,7+ and Fe ,8+ ; Log 
7 = 6.6-6.8 




101.3 



li 



13 



Table 4 

Data (Labov and Bowyer) near the predicted j — * ~ transition 
(130.2 A) 



X 

(A) 



Counts 



Back 
ground 



Counts- 
backgrond 



125.82 
127.10 
128.37 
129.64 
130.90 
132.15 
133.41 
134.65 



26 
22 
18 
29 
18 
20 
19 
19 



21.58 
21.32 
19.50 
20.28 
19.76 
19.50 
19.50 
20.* 




4.42 

HP 



when the region of the 
collection, and the logii 
is clear that the si 
siderable effort 
sion features ft 
| - |,is Hkel ^ 
| peak (trS^jntenl^ies" 




ie allotted for data 
: cjpnsfdered. Nonetheless, it 
oiseJatio is low and that con- 



fided to differentiate emis- 
ground. This particular peak, 
nly slightly stronger than the \ 
Table 3, appear to decrease as n 
decreases), wtecj^Sas low intensity. Labov and Bowyer 
provided their data (wavelength, count, count error, back- 
ground, and background error). The counts minus back- 
ground values for the region of interest, 130.2 db 5 A, are 
shown in Table 4 (the confidence limits for the wavelength 
of about ±5 A are the single-side I confidence levels and 
include both the uncertainties in the fitting procedure and 



uncertainties in th||wavelength calibration). Note that the 
largest^eak ^grfftbackground) is at 129.64 A and has a 
couh%bdckg^quftd = 8.72. The counts-back ground for the 
s^ngesfej^al of the other hydrino transitions are: n = 1/3- 
t^0.6ffn== 1/4-1/5, 11.36; *= 1/6-1/7, 10.40. Thus, 
there% fair agreement with the wavelength and the strength 
the signal. This, of course, does not mean that there is a 
at 130.2 A. However, it is not unreasonable to conclude 
that a spectrum with a better signal-to-noise ratio might un- 
cover the missing peak. With the assignment of the \ 
transition, all of the hydrogen transitions \ 
\ — ► \ , and g — ► ! are observed over the recorded spectral 
range, and the 632.6 A peak is identified. 



, i- • , l 

5» 4 5» 



3.3. Identification of lower-energy hydrogen by soft 
X-rays from the sun 

3,3.1. Solar neutrino problem 

Another cosmological mystery unresolved for three 
decades is the discrepancy between solar neutrino flux ob- 
served with the Homestake detector, 2.1 ±0.03SNU, and that 
predicted based on conservative predictions of the standard 
solar model (SSM), 7.9 ± 2.6SNU [55-57]. According to 
the SSM, the pp chain is the predominant energy source of 
main-sequence stars which commences with proton-proton 
fusion according to the following reaction [55]; 

'H+'H^H + e' + Oe (58) 

and, according to this model, strong coupling exists between 
luminosity and neutrino flux because they are both based 
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on nuclear reactions. An experiment with a radioactive so- 
lar surrogate at the Gallex solar neutrino detector in Italy 
performed over 15 years ago supports the results that over 
the preceding several years the Gallex and Russia's SAGE, 
the other large gallium detector, saw only about 60% of 
the solar neutrino signal predicted to within 1-2% by astro- 
physical models [58]. The Hornestake experiment detects 
the neutrinos from the pp chain indirectly by detecting 8 B 
neutrinos. A direct measure of neutrinos from the pp chain 
provides a more definitive test of the SSM. Historically, 
GALLEX and SAGE were the only two experiments which 
directly detected electron neutrinos from the pp chain. Re- 
cently, GALLEX was upgraded and recommissioned as the 
Gallium Neutrino Observatory (GNO) which also directly 
detects pp chain neutrinos to test the deficit observed by 
GALLEX and SAGE [59-66]. The most recent results from 
all three experiments show a 50% discrepancy [59-66] 
which confirms the paradox observed by the Hornestake ex- 
periment (GNO 65.8t , ,° 0 7 2 SNU [65], GALLEX 74.1+ 6 6 7 8 SNU 
[65], SAGE 75.4± 7 6 ° 8 SNU [61], SSM theoretical 129l 8 6 SNU 
[61,66]). Furthermore, Super-Kamiokande operated since 
1996 which detects 8 B neutrinos by electron scattering (ES) 
on ordinary water and the recently commissioned Sudbury 
Neutrino Observatory [67,68] which detects 8 B neutrinos 
by charge current (CC) reaction on deuterium and elec- 
tron scattering (ES) also reproduced the deficit observed 
by Hornestake (Sudbury 1.75 ± 0.07 (stat.)^, 12 (sys.) ± 
0.05 (theor.) x 10 6 cm~ 2 s~' (CC) where the theoreti- 
cal uncertainty is the CC cross-section uncertainty and 
2.39 ± 0.34 (stat.)to.M (sys.) x I0 6 cm -2 s' 1 (ES) [67], 
Super-Kamiokande 2.32 ± 0.03 (stat.)^(sys.)SNU (ES) 4 
[67], SSM theoretical 5.05 x 10 6 cm -2 s" 1 [67]). ^ 

The recent results from different neutrino detectors around^ 
the world all show that the observed solar neutrino is'%>^. ; , 
only about 34-50% of that predicted. There is un^tiyfe ' 
r ally a solar neutrino paradox that is directly ^efWble. ; 0 r 
Assuming the experiments are accurate witb^^af^^nw- 
gins for error (50% or greater), the explarm^^Sfe^ vf) a 
problem with the standard solar mcKlelj^g) newino os- 
cillation. However, oscillation violates^&Kta^lard model 
— it does not conserve family L^Sfoi&r and requires 
mass different from zero [64]. h^rtheniwe, if neutrinos os- 
cillate, then the universe^sjbo^^^jffl of tau neutrinos 
which were once proposed as tig sioentity of dark matter. 
But, a detailed searchior sfj^atuft emissions has yielded nil 
[49]. Neutrino oscjJIatiln^aJ^e^er been directly observed. 
The Sudbury [67]^^irc^Bowed no evidence for a devia- 
tion of the spectr^Vsn^e from the predicted shape under the 
non-oscillation hypothesis. In addition, the precise measure- 
ment of the sp&trtmi shape and day/night fluxes measured 
by Super-Kamiokande does not show evidence of neutrino 
oscillation [69,70]. 

The paradox of the paucity of solar neutrinos to account 
for the solar energy output by the pp chain is resolved by 
assigning a major portion of the solar output to hydrogen 
transitions. Hydrogen transitions to electronic energy levels 



below the "ground" state corresponding to fractional quan- 
tum numbers can yield energies comparable to nuclear en- 
ergies. For example, all transitions to the n— state of 
hydrogen taken together release 136 keV. Data strongly sup- 
porting this tenant is the observation by Labov and Bowyer 
of an intense 304 A (40.8 eV) solar emission line corre- 
sponding to the transition given by Eq. (55) 



(59) 



in the absence of the 256 A (48J eV) line of He II which 
challenges the assignment of the 304 A line to the He II 
transition. Solar lines which match lower-energy hydrogen 
transitions shown in Table 5 are also observed on the Sun 
which is consistent with a stellar origin of , lowe&energy 
hydrogen in interstellar space. ^ ^ 

3.3.2. Temperature of the solar <0bW^^jrdbIim 

In addition to the questions 6& what ^powers the Sun 
and why the solar neutrino^D^ is£ significantly deficient, 
there exists no satisfactorx?answ^tp two additional solar 
questions: The causey o%suh^ots and other solar activ- 
ity and why the Sua. emits X-rays is unknown [75]. In 
fact, a possible anticorrelation exists between the abun- 
dance of sunspols and the solar neutrino flux observed 
with the Hornestake; detector [76]. The photosphere of the 
Sun is 60WK-; ^vAereas, the temperature of the corona 
based|onxthe assignment of the emitted X-rays to highly 
ipfee%Meayy elements is in excess of I0 6 K. No satis- 
i factory power transfer mechanism is known which ex- 
plains- the excessive temperature of the corona relative 
to that of the photosphere. The mechanism must explain 
tffe constant transfer over time of energy from the pho- 
tosphere at 6000 K to the corona at 10* K which radiates 
energy into cold space. Further compounding the tem- 
perature mystery is the observation of a strong coronal 
hydrogen Lyman series, beginning with La at 1216 A 
and ending at 912 A, corresponding to unionized hy- 
drogen atoms. The hydrogen lines would indicate that 
the corona is less than 10 4 K. The paradox is resolved 
by the existence of a power source associated with the 
corona. 

The cause of sunspots and other solar activity, and why 
the Sun emits X-rays can be explained by energy releas- 
ing transitions of hydrogen to lower-energy levels. The 
energy which maintains the corona at a temperature that 
appears in excess of 1 0 6 K may be that released by 
disproportions! ion reactions of lower-energy hydrogen as 
given by Eqs. ( 10)- ( 12). Hydrogen transitions to electronic 
energy levels below the "ground** state corresponding to 
fractional quantum numbers match lines of the solar emis- 
sion spectrum in the extreme ultraviolet and X-ray regions. 
The solar lines that match the energy of disproportionation 
reactions of lower-energy hydrogen given by Eqs. (10)- 
(12) are given in Table 5. 
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Table 5 

Observed solar line emission assigned to the disproportionation reactions given by Eqs. (10)-(12). (Raw extreme ultraviolet solar spectral 
data taken from Figs. 3a-k of [71 J, Figs, la-^d (observed lines from Table I) of [72]; Fig. 7.5 of [73], and Fig. 4.10 of Phillips [74].) 



Observed 
line 

(A) 



Predicted 
(Mills f 
(A) 



Assignment 
(Mills) 



Ref 



Assignment 
(Other) 



1215.7 
911.8 



584.5 
373.7 

303.784 
280.2* 
280.8* 
264.80 

228" 
215.16 

182.16 
167.50 

152.15 
145.9* 

141* 

129.87 
125.5a 

122.2* 

114* 
110.5* 

101.3* 
96.7* 

88.8 

87.0" 

82.9" 
81.1" 

79.58 

76.0* 
70.1* 
67.5* 

63.12 



1215.67 
911.78 



584.5 
373.73 

303.92 
280.54 

265.08 

227.95 
214.54 

182.36 
167.62 

151.97 
145.88 

141.59 

130.26 
125.76 

122.56 

113.97 
110.52 

101.31 
96.59 



%70.i# 



j 
i, 

i;l c 

1,2 

e 

2,2 

1,2 
2,2 

1,2 

2,2 
1,2 

1,2 
1,2 

3,3 
1,2 

2,2 

1,2 
2,2 



63.14 



2, 2 
U2 

1, 2 

2, 2 



H(2p') — H(ls')+ 10.2 eV 
1 -* 1/2 H transition 

1/2 — ► 1/3 H transition 
He (ls^p 1 ) -+ He (Is 2 )* 212 eV 
Inelastic scattering (He) of 
1 — ► 1/3 H transition 
1/3 — ► 1/4 transition 
Inelastic scattering (H) of 
I — ► 1/3 H transition 
Inelastic scattering (He) of 
1/4 1/5 H transition 
1 — ► 1/3 H transition 
Inelastic scattering (H) of 
1/4 -> 1/5 H transition 
1/4 1/5 H transition 
Inelastic scattering (He) of 
1/5 -> 1/6 H transition 
I — ► 1/4 H transition 
Inelastic scattering (H) of 
1/5 1/6 H transition 
Inelastic scattering (He) of 
1/2 — ► 1/4 H transition 
1/5 — ► 1/6 H transition 
Inelastic scattering (H) of^ 
1/2 1/4 H transition^ 
Inelastic scattering Ape) of 
1/6 - 1/7 



ition 
ig (He) of 
transition 
"scattering (H) of 
1/8 H transition 
scattering (He) of 
1/3 1/5 H transition 
1/7 1/8 H transition 
Inelastic scattering (H) of 
1/3 1/5 H transition 
Inelastic scattering (He) of 
1/8 — 1/9 H transition 
1/3 — ► 1/5 H transition 
1/8 1/9 H transition 
Inelastic scattering (He) of 
1/9 1/10 H transition 
Inelastic scattering (He) of 
1/4 — ► 1/6 H transition 




(73,74] 
173,74] 



[73,74] 
[71] 

[71] 
[72] 

[72] 

[72] 
[72] 

[72] 
[72] 4 



Collisional excitation, La scattering 
H + + e" — H + 13.6eV at 
7* > 20, 000 K 



Collisional excitation 
None 



None W 



t iSfevrh 





172J 


xii 




f (72% 


None 






None 




: , . "172] 


O VI 




'■ (72] 


None 




[72] 


None 




[72] 


None 




[72] 


None 




[72] 


None 




[72] 


None 




[72] 


None 




[72] 


None 




{72] 


None 




[72] 


None 




[72] 


FeXH 




[72] 


None 




[72] 


None 




[72] 


None 




[72] 


MgX 
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Table 5. {Continued). 



Observed Predicted Assignment Ref Assignment 

line (Mills) 6 m, m' (Mills) (Other) 

(A) (A ) 



61.0* 60.78 I, 2 1/9 — 1/10 H transition 

59.7" 59.79 2, 2 Inelastic scattering (H) of 

1/4 1/6 H transition 



[72] 
[72] 



None 
None 



a Wavelength read from Fig. I of [72]; wavelength not given in Table of [72]. 

b For lower-energy transitions, n— 1,|, and n x > n r induced by a disproportionation reaction with H[<th/2], E = {\/nj — 
\fnf)\ 3.6 eV - m a 13.6 eV. b For helium inelastic scattered peaks of hydrogen transitions, n\ — ► /tf, E = ( \/nj — 1 //if ) 13.6 eV - m n 13.6 — 
21.21 eV (when this photon strikes He (Is 2 ), 21.2 eV is absorbed in the excitation to He (Is^p 1 )). b For hydrogen inelastic scattered peaks 
of hydrogen transitions, n\ — > nf, E — (1/nJ — l/n 2 )I3.6eV — m /2 !3.6 - 10.2 eV (when this photon strikes H (Is 1 ), I0J2 eV is absorbed in 
the excitation to H(2p J )). 



<H [n = |]=3h [n = {} + hv (91 1.8 A). 

d H (2p ! ) — » H (Is 1 ) + 10.2 eV (excitation by emission of lower-eneTgy hydrogen transitions). 
c He (Is^p*) — ♦ He (Is 2 ) + 21.2 eV (excitation by emission of lower-energy hydrogen transitions). 
f Eqs. (10)-(12). 
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The agreement between the calculated and the experi- 
mental values is remarkable, and several match those iden- 
tified by EUV spectroscopy of the helium-hydrogen plasma 
as shown in Table 1. Furthermore, many of the lines of 
Table 5 had no previous assignment, or the assignment was 
unsatisfactory. Some lines assigned in the literature may 
have been assigned incorrectly by trying to fit the spectrum 
to known lines. But, inconsistencies arise. For example, the 
intensity of the peak assigned to He I] by Thomas [71] is 
extremely strong (/ = 62,200). The laboratory He II transi- 
tion intensities are: 7(303.780)= 1000; 7(303.786) = 500; 
7(256) = 300. Therefore, the predicted peak intensity of 



scattered by helium atoms w Here irp; '2 1 >2 eV was absorbed 
in the excitation of He ( lsf) to He ( Is 1 2p ] ). These lines 
were identified as hydjrp^wi i fransitiohs to electronic energy 
levels below the "grgraid^istatfe: corresponding to fractional 
quantum numbers. Ffotfiermore, astrophysical data was 
reviewed, and, such transitions were found to match the 
spectral line^'oHfe extreme ultraviolet background of in- 
terstellar, space, TKfee transitions may resolve the paradox 
of the^ideijpry of?dark matter and account for many celes- 
tiafcol^^atjofts such as: diffuse Ha emission is ubiquitous 
^t&ughou^tiie Galaxy and widespread sources of flux 
^ ^ shorforard of 912 A are required. The origin of the 633 A 
^ ^ emission observed by Labov and others [53] that could be a 



the 256 A (48.3 eV) line of He II is 7 = 12,440; whereas^ rf t . 

the observed intensity is too weak (7= 1580) wtgcfSjL major source of ionization of interstellar hydrogen was also 
challenges the assignment of the 304 A line soIel^^T llje %£ltoserved in our helium-hydrogen plasma. We assigned the 



He II transition. 

Temporal variation in the disproportionate 
sities may reflect solar activity. For exampl 
power is = 0.01% of the solar powi 
quite Sun and as high as 100% of 
case of an active Sun [77]. Emi 
to lower-energy hydrogen tran: 
in Table 5 greatly increase jn 
[1,78-80] which is evideT^' 




al 

;e of a 
in the 
nding 
igned as such 
ing flare events 
-energy hydrogen 




25 transitions may be a factoftjn the|fcause of solar flares. 



Conclusion^ </: U 



35 



37 



39 



41 



43 



45 



47 



633 A emission to atomic helium scattered 304 A emission 49 
from the H[ffH/3] H ^ 2, [aH/4] hydrogen transition. 

Furthermore, fractional hydrogen transitions were also as- 51 
signed to lines in the solar EUV spectrum which may re- 
solve the solar neutrino problem, the mystery of the cause 53 
of sunspots and other solar activity, and why the Sun emits 
X-rays. In addition to producing power on the Sun, the catal- 55 
ysis of hydrogen represents a new powerful energy source 
with the potential for direct conversion of plasma to elec- 57 
rricity with the production of novel compounds [40,41]. 
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Abstract 





From a solution of a Schrddinger-type wave equation with a nonradiative boundary condition bai 
Mills predicts that atomic hydrogen may undergo a catalytic reaction with certain atomized el 
or multiply ionize at integer multiples of the potential energy of atomic hydrogen-, 2.72 
integer. The reaction involves a nonradiative energy transfer to form a hydrogen atom th; 
atomic hydrogen with the release of energy. One such atomic catalytic system invoj 
and third ionization energies of potassium are 4.34066, 31.63, and 45.806 eV, ; 
reaction of to K-K 3 *, then, has a net enthalpy of reaction of 81.7766 eV, whkh^y 
ultraviolet (EUV) emission was observed from incandescentJy heated atom^yjlbgei 

that generated an anomalous plasma at low temperatures (e.g. « 10 3 K) an^0 extraordinary low field strength of about 
1-2 V/cm. No emission was observed with potassium or hydrogen algnjy>r when%odium replaced potassium with hydrogen. 



U's equations, 
ions which singly 
, wherein m is an 
in energy than unreacted 
atoms. The first, second, 
The triple ionization (/ = 3) 
3 x 27.2 eV. Intense extreme 
the atomized potassium catalyst 



Emission was observed from K 3+ confirmed the resonant nonradia 
to atomic potassium. The catalysis product, a lower-energy hydn 
which further reacts to form a novel hydride ion. The predict* 
hydride ion H~(l/4). This ion was observed spectrcttcodfeaTfj 
1 1.2 eV. © 2001 Published by Elsevier Science Ltd. oidfiaJ] 



: enegy transfer of 3 x 27.2 eV from atomic hydrogen 
omjpas predicted to be a highly reactive intermediate 
fjftffiof hydrogen catalysis by atomic potassium is the 
him corresponding to its predicted binding energy of 
i International Association for Hydrogen Energy. 
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1. Introduction 
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Based on the solution of 
tion with a nonradiatj 
Maxwell's equations, 
hydrogen may 
atomized elem< 
multiply ionize' 
of atomic 
ionize 




-type wave equa- 
condition based on 
U-38] predicts that atomic 
a catalytic reaction with certain 
m gaseous ions which singly or 
multiples of the potential energy 
.2 eV. For example, cesium atoms 
multiple of the potential eneTgy of 
atomt|^o5t>geni *m x 27.2 eV. The enthalpy of ionization 
:s-^v has a net enthalpy of reaction of 27.05135 eV, 
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which is equivalent to m = 1 [39]. The reaction Ar^-Ar 2 * 
has a net enthalpy of reaction of 27.63 eV, which is equiv- 
alent to m = 1 [39]. In each case, the reaction involves a 
nonradiative energy transfer to form a hydrogen atom that is 
lower in energy than unreacted atomic hydrogen. The prod- 
uct hydrogen atom has an energy state that corresponds to a 
fractional principal quantum number. Recent analysis of mo- 
bility and spectroscopy data of individual electrons in liquid 
helium show direct experimental confirmation that electrons 
may have fractional principal quantum energy levels [35]. 
The lower-energy hydrogen atom is a highly reactive inter- 
mediate which further reacts to form a novel hydride ion. 
Emission was observed previously from a continuum state 
of Cs 2 * and Ar + at 53.3 and 45.6 nm, respectively [5], 
The single emission feature with the absence of the other 
corresponding Rydberg series of lines from these species 



35 



37 



39 



41 



43 



45 



47 



49 



0360-3 199/01/$ 20.00 © 2001 Published by Elsevier Science Ltd. on behalf of the International Association for Hydrogen Energy. 
Pit: S0360-3 199(01)00093-3 



IHE 12651 



R.L Mills, P. Ray lint emotional Journal of Hydrogen Energy 000 (2001) 000-000 



1 

3 
5 
7 
9 
11 
13 
15 
17 
19 
21 
23 
25 
27 
29 
31 
33 
35 
37 
39 
41 
43 
45 
47 
49 
51 
53 
55 



confirmed the resonant nonradiative energy transfer of 
27.2 eV from atomic hydrogen to atomic cesium or Ar + . 
The catalysis product, a lower-energy hydrogen atom, was 
predicted to be a highly reactive intermediate which further 
reacts to form a novel hydride ion. The predicted hydride 
ion of hydrogen catalysis by either cesium atom or Ar + 
catalyst is the hydride ion H~(l/2). This ion was observed 
spectroscopically at 407 nm corresponding to its predicted 
binding energy of 3.05 eV. The catalytic reactions with the 
formation of the hydride ions are given in Appendix A. 

Additional prior studies that support the possibility of 
a novel reaction of atomic hydrogen which produces an 
anomalous discharge and produces novel hydride com- 
pounds include extreme ultraviolet (EUV) spectroscopy 
[5,7-20], plasma formation [5-20], power generation 
[6-8, 1 3,36], and analysis of chemical compounds [ 1 6, 1 8-34]. 
Typically, the emission of extreme ultraviolet light from 
hydrogen gas is achieved via a discharge at high voltage, 
a high power inductively coupled plasma, or a plasma cre- 
ated and heated to extreme temperatures by RF coupling 
(e.g. > 10 6 K) with confinement provided by a toroidal 
magnetic field. Observation of intense extreme ultraviolet 
(EUV) emission at low temperatures (e.g. « 10 3 K) from 
atomic hydrogen and certain atomized elements or certain 
gaseous ions has been reported previously [5,7-20]. The 
only pure elements that were observed to emit EUV were 
those predicted [1-38] wherein the ionization of / electrons 
from an atom or ion to a continuum energy level is such 
that the sum of the ionization energies of the / electrons 
is approximately m x 27.2 eV where / and m are each an 
integer. 

The observed EUV emission could not be explained by 
conventional chemistry; rather it must have been due to,a> ^ 
novel chemical reaction between catalyst and atomic^h^ 
drogen. The catalysis of hydrogen involves the nonradiative^^ 
transfer of energy from atomic hydrogen to a cataJ^f which 
may then release the transferred energy by jadl&ive and 
nonradiative mechanisms. As a consequent of^uSe%o#a- 
diative energy transfer, the hydrogen atormt|^mes,unsta- 



hydrogen and the atomized catalyst that generated a plasma 
at low temperatures (e.g. « 10 3 K). Whereas, the chemi- 
cally similar noncatalyst atoms, sodium, magnesium and 
barium, do not ionize at integer multiples of the potential 
energy of atomic hydrogen, did not generate a plasma, 
and caused no emission. In the case of atomic potassium 
catalyst, the first, second, and third ionization energies are 
4.34066, 31.63, 45.806 eV, respectively. The triple ioniza- 
tion (/ = 3) reaction of K-K 3+ , then, has a net enthalpy of 
reaction of 81.7766 eV, which is equivalent to 3 x 27.2 eV. 
Emission was observed from JC 3 * that confirmed the res- 
onant nonradiative energy transfer of 3 x 27.2 eV from 
atomic hydrogen to atomic potassium. The predicted hy- 
dride ion of hydrogen catalysis by atomic potassium is the 
hydride ion H~(l/4). This ion was observed spectroscop- 
ically at HOnm corresponding to its predicted binding 
energy of 1 1.2 eV. 



2. Experimental 

2.1. EUV spectroscopy, 



Due to the ex 
"transparent" o] 
arrangement^ 
to the same^va 
the EUV 
performed wit! 





^ energy 
el given by 



ble and emits further energy until it 
nonradiative state having a principl 
Eqs. (A.l) and (A.2) of Appei 

The energy released durin&atajjgps may undergo inter- 
nal conversion and i° n j£fe^ molecular and atomic 
hydrogen resulting in^drc%i emission which includes 
well characterized jdomuolet/^nes such as the Lyman se- 




ivelength of this radiation, 
exist. Therefore, a windowJess 
wnerein the source was connected 
;sel as the grating and detectors of 
meter. Windowless EUV spectroscopy was 
extreme ultraviolet spectrometer that was 
ed with the cell. Differential pumping permitted a high 
^>pre%ure.p the cell as compared to that in the spectrome- 
ter. 'ttSrwas achieved by pumping on the cell outlet and 
pumping on the grating side of the collimator that served 
#3ra pin-hole inlet to the optics. The cell was operated un- 
der hydrogen flow conditions while maintaining a constant 
hydrogen pressure in the cell with a mass flow controller. 

The experimental set up shown in Fig. I comprised a 
quartz cell which was 500 mm in length and 50 mm in 
diameter. Three ports for gas inlet, outlet, and photon 
detection were on the cap of the cell. The cell pump was a 



Quartz ceD 



Tua gstos coil butu 




ries. Lyman sej 
mechanisrn^an! 
measured b; 
binding 
Appendix' 
4 Potassium^ 

loftize ajUtrJteger multiples of the potential energy of atomic 
hydrogelV- In prior studies [5,7-20] and in the current 
experiments, these catalysts caused intense extreme ultra- 
violet (EUV) emission from incandescent ly heated atomic 



emission due to (be catalyst 
of the hydride ion product were 
scopy. The catalytic reactions and 
the product hydride ions are given in 

esium, and strontium atoms and Rb + ion 
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Fig. I . The experimental set up comprising a gas cell light source 
and an EUV spectrometer which was differentially pumped. 
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mechanical pump. The spectrometer was continuously evac- 
uated to 1 0~ 4 -10~ 6 Ton - by a turbomolecular pump with the 
pressure read by a cold cathode pressure gauge. The EUV 
spectrometer was connected to the cell light source with a 
1.5 mm x 5 mm collimator which provided a light path to the 
slits of the EUV spectrometer. The collimator also served 
as a flow constrictor of gas from the cell. Valves were be- 
tween the cell and the mechanical pump, the cell and the 
monochromator, and the monochromator and its turbo pump. 

A tungsten filament (0.508 mm in diameter and 800 cm 
in length, total resistance ~ 2.5 Q) and a titanium cylin- 
drical screen (300 mm long and 40 mm in diameter) that 
performed as a hydrogen dissociator were inside the quartz 
cell. A new dissociator was used for each experiment. The 
filament was coiled on a grooved ceramic support to main- 
tain its shape when heated. The return lead ran through the 
middle of the ceramic support. The filament leads were cov- 
ered by an alumina sheath. The titanium screen was elec- 
trically floated. The power was applied to the filament by 
a power supply (Sorensen 80-13) which was controlled by 
a constant power controller. For the catalysts, the cell was 
operated with a maximum of 300 W of input power which 
corresponded to a cell wall temperature of about 700 C. The 
temperature of the tungsten filament was estimated to be 
about 1 500°C. In the case of the noncatalysts, the cell power 
was increased to the maximum of 500 W. The gas was ultra- 
high purity hydrogen. The gas pressure inside the cell was 
maintained at about 300 mTorr with a hydrogen flow rate of 
5.5 seem controlled by a 0-20 seem range mass flow con- 
troller (MKS 1 179A2ICS1BB) with a readout (MKS type 
246). The entire quartz cell was enclosed inside an insula- 
tion package (Zircar AL-30). Several K-rype thermocouples 
were placed in the insulation to measure key temperature^^ 
of the cell and insulation. The thermocouples were read^itS 
a multichannel computer data acquisition system. 

In the present study, the light emission £J)nenon> 
ena was studied for (I) hydrogen, argon^ "i§j» ^prl 
helium alone, (2) sodium, rubidium^' magrfesJurn, 
strontium, and barium metals, and (3} ift^j^^KzCOy, 
and CS2CO3. The inorganic test ma1erraJs%et^ coated 
on a titanium screen dissociator i|L ^*%ediod of wet 
impregnation. The screen was^coateaJ1>y dipping it in a 
0.6 M Na 2 CO3/10% H2O2, #1^K^C(>?/10% H 2 Q>, or 
0.6 M Cs 2 CO 3 /I0% U 2 0^spf^^, ami (he crystalline ma- 
terial was dried on tK^ sin^e'% heating for 12 h in a 
drying oven at l30°C.^new.Sissociator was used for each 
experiment Th^r^fels^wef^ placed in the bottom of the 
cell and volatal 

The lights 

tTomete^^D?^^;tral measurement. The spectrometer 
was *^M§Fherson 0.2 m monochromator (Model 302, 
^ya-Namioka type) equipped with a 1 200 lines/mm holo- 
graphic grating with a platinum coating. The wavelength 
regiofi'lfovered by the monochromator was 30-560 nm. The 
vacuum inside the monochromator was maintained below 
5 x 10~ 4 Ton by a turbo pump. 



by$he filament heater. 

D#;was introduced to an EUV spec- 



The EUV spectrum (40-160 nm) of the cell emission 57 
was recorded with a channel electron multiplier (CEM). The 
wavelength resolution was about 1 nm (FWHM) with an 59 
entrance and exit slit width of 300 um. 

The EUV/UV/VIS spectrum (40-560 nm) of the cell 61 
emission with hydrogen alone was recorded with a photo- 
multiplier tube (PMT) and a sodium salicylate scintillator. 63 
The PMT (Model R1527P, Hamamatsu) used has a spectral 
response in the range of 1 85-680 nm with a peak efficiency 65 
at about 400 nm. The scan interval was 0.4 nm. The inlet and 
outlet slit were 500 um with a corresponding wavelength 67 
resolution of 2 nm. 



22. Standard potassium emission spectrum 

The standard extreme ultraviolet emission spectrum of 

;e cell comprised 
as the anode 
as coated with 
the titanium 
rized with 1 Ton- 
hydrogen was then 
were observed. The 
trum was recorded was 




potassium was obtained with a gas 
a five-way stainless steel cross that 
with a hollow stainless steel 
K2CO3 by the same proceduri 
dissociator. The five-way cross 
of hydrogen to initiate th 
evacuated so that only 
DC voltage at the 
300 V. i 



Stensity of the Lyman a emission as a function 
from the gas cell at a cell temperature of 700 C 
uprising a tungsten filament, a titanium dissociator, and 
300 mTorr hydrogen with a flow rate of 5.5 seem was tested 
for several controls and catalysts. The cell was run with hy- 
drogen but without any test material present to establish the 
baseline of the spectrometer. The intensity of the Lyman a 
emission as a function of time was measured for 3 h, and no 
emission was observed. The corresponding UV/VIS spec- 
trum (40-560 nm) is shown in Fig. -2. The spectrum was 
recorded with a photomultiplier tube (PMT) and a sodium 
salicylate scintillator. No emission was observed except for 
the blackbody filament radiation at the longer wavelengths. 
No emission was also observed for the pure elements alone 
or when argon, neon, or helium replaced hydrogen. Sodium, 
magnesium, or barium metal was vaporized by filament 
heating. Sodium metal was also vaporized from Na^COj 
as the source. No emission was observed in any case. The 
maximum filament power was greater than 500 W. A metal 
coating formed in the cap of the cell over the course of the 
experiment in all cases. 

The intensity of the Lyman or emission as a function of 
time with each of vaporized cesium from Cs 2 CO:t, potas- 
sium from K2CO3, Rb + from rubidium metal, and stron- 
tium from strontium metal was recorded. In all cases, strong 
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Fig. 2. The UV/VIS spectrum (40-560 ran) of the cell emis- 
sion from the gas eel) at a cell temperature of 700°C compris- 
ing a tungsten filament, a titanium dissociator, and 300 mTorr 
hydrogen that was recorded with a photomuftipHer tube (PMT) and 
a sodium salicylate scintillator with an entrance and exit slit width 
of 500 um. No emission was observed except for the blackbody 
filament radiation at the longer wavelengths. 




Wavelength (nm) 

Fig. 4. The EUV spectrum (45-80 nm) of the cell emission 
recorded at about the point of the maxmium^yrnan a emission 
from the gas eel) at a cell temperature OS^OlC comprising a 
tungsten filament, a titanium dissociator, 3ofegorr hydrogen, and 
vaporized potassium from K 2 COj tha£8&feremded with a CEM. 
Line emission corresponding to K-jg was c&erved at 65-67 and 
74-76 nm. 
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[ceUfJ&nission 
emission 
rog a rung- 
hydrogen, and each 
k rrom K 2 C03,Rb + 
itium metal that was 
intensities of the hydro- 
6 and 1-5 at 109.989 and 



Fig. 3. The EUV spectrum (80-1 30 ran 
recorded at about the point of the 
from the gas eel) at a cell temrxTarureol 
sten filament, a titanium dissociate 
of vaporized cesium from Cs 2 
from rubidium metal, and 
recorded with a CEM. TfiC ral 
gen peaks B> '£+ — X^gCJ f< 
108.946 nm, respegpj 



EUV en^^ifir^^s observed from vaporized catalyst with 
hydr^Mi:'^fhe superposition of the EUV spectra (80- 
l§Pnm%/tjfecejJ emission recorded at about the point of 
the^Wxijootirn Lyman a emission for each of the catalysts 
is shSvhi in Fig. 3. In each case, no emission was observed 
in the absence of hydrogen, and no emission occurred until 
the catalyst was vaporized as indicated by the appearance 
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Wavelength (nm) 

Fig. 5. The EUV spectrum (45-80 nm) of the cell emission 
recorded at about the point of the maximum Lyman a emission 
from a repeat gas cell at a cell temperature of 700°C comprising a 
tungsten filament, a titanium dissociator, 300 mTorr hydrogen, and 
vaporized potassium from K 2 COj that was recorded with a CEM. 
Line emission corresponding to K.** was observed at 65-67 and 
74-76 nm. 

of a metal coating in the cap of the cell over the course of 
the experiment. 

3.2. EUV emission of potassium catalyst 

The EUV spectrum (45-80 nm) of the emission of the 
potassium-hydrogen gas cell and a replication experiment 
are shown in Figs. 4 and 5. Line emission corresponding 
to K 3+ was observed at 65-67 and 74-76 nm. K 2+ was 
observed at 5 1 and 55 nm, and K + was observed at 62 rim. 
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Fig. 6. The EUV spectnim (53-89 ran) of ihc cell emission 
recorded at about the point of the maximum Lyman a emission 
from a repeat gas celt at a cell temperature of 700°C comprising a 
tungsten filament, a titanium dissociator, 300 mTorr hydrogen, and 
vaporized potassium from K2CO3 that was recorded with a CEM. 
A large K 3+ peak was observed at 89.2 nm. 
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Fig. 8. The EUV spectrum ( $0-1 30 ran) of the cell emission 
recorded at about the point of the maximum J-yman a emission 
from the gas cell at a cell temperature ojyfw C comprising a 
tungsten filament, a titanium dissociator, 33@£fe&Srr hydrogen, and 
vaporized potassium from K2CO3 tn ^^&^%^ e( ^ w * m a CEM. 
The ratio of the peak at 1 10 nm^rsS^ei^drogen peak at 
108.946 nm is 1.19. Whereas, the|feaks ajfmese wavelengths in 
the controls shown m Fig. 3^^5^^T^^mcrease m intensity at 
1 1 0 ran compared to hydro^n errn^ion alone was assigned to a 
contribution from H~(J/^)^ Jp 
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Fig. 7. The EUV spectrum (50-90 
potassium plasma excited by a discharj 
five-way stainless steel cross that 
stainless steel cathode. The 
lines were confirmed by tl 





a standard 
comprised a 
le with a hollow 



T i1he f X 5+ , K 2+ , and K + 
potassium plasma spectrum. 



nhg. 6 was also observed at 

3+ i/2+ 



A large It 3 

89.2 nm. The a|jgnm^ts of the K*\ K 2+ , and K + lines 
were confirmed r^tb^standaxd potassium plasma spectrum 
shown i^^^pnd N1ST tables [40,41]. 

is?. } \V^an%riission with potassium catalyst 



Trie^EUV spectrum (80-130 nm) of the cell emission 
from the potassium gas cell and a replication experiment are 
shown in Figs. 8 and 9. The EUV spectrum (80-130 nm) 



100 

Wavelength (nm) 

Fig. 9. The EUV spectrum (80-130 nm) of the cell emission 
recorded at about the point of the maximum Lyman a emission 
from a repeat gas cell at a cell temperature of 700°C comprising 
a tungsten filament, a titanium dissociator, 300 mTorr hydrogen, 
and vaporized potassium from K2CO3 that was recorded with a 
CEM. The ratio of the peak at 1 10 nm versus the hydrogen peak 
at 108.946 nm is 1.61. Whereas, the peaks at these wavelengths m 
the controls shown in Fig. 3 is 0.883. The increase in intensity at 
11 0 nm compared to hydrogen emission alone was assigned to a 
contribution from H~(!/4). 

of the cell emission from the cesium, potassium, rubidium* 
and strontium gas cells are superimposed in Fig. 3. Only 
potassium is predicted lo form the hydride H~(l/4) with 
emission at 1 10 nm as shown in Appendix A and Table 1. 
Molecular hydrogen has peaks in this region as shown in 
Fig. 3 for catalysts which form a plasma in hydrogen but 
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Table I 

The ionization energy of the hydrino hydride ion W~{n— \fp) as 
a function of p 



Hydride ion 


Catalyst 


{oof 


Calculated 
ionization 
energy b (eV) 


Calculated 
wavelength 
(ran) 


H-(*=I) 




1.8660 


0.754 


1645 


H-(n=l/2) 


Rb + ,Cs 


0.9330 


3.047 


407 


H"(n=l/3) 




0.6220 


6.610 


188 


H"(n=1/4) 


K 


0.4665 


11.23 


no 


H-(n=!/5) 




0.3732 


16.70 


74.2 


H~(n= 1/6) 




0.3II0 


22.81 


54.4 


H-(n=l/7) 




0.2666 


29.34 


42.3 


H"(n=l/8) 


Sr 


0.2333 


36.08 


34.4 


H-(*=I/9) 




0.2073 


42.83 


28.9 


H"(n=l/10) 




0.1866 


49.37 


25.1 


H~(rt= 1/11) 




0.1696 


55.49 


22.34 


H"(n=l/12) 




0.1555 


60.98 


20.33 


H~(n= 1/13) 




0.1435 


65.62 


18.89 


H~(n= 1/14) 




0.1333 


69.21 


17.91 


H~(/f= 1/15) 




0.1244 


71.53 


17.33 


H~(n= 1/16) 




0.1166 


72.38 


17.13 


H"(n= 1/17) 




0.1098 


71.54 


17.33 


H"(n= 1/18) 




0.1037 


68.80 


18.02 


H~{n= 1/19) 




0.0982 


63.95 


19.39 


H"(ft=l/20) 




0.0933 


56.78 


21.83 


H"(n= 1/21) 




0.0889 


47.08 


26.33 


H~(n=l/22) 




0.0848 


34.63 


35.80 


H"(n= 1/23) 




0.0811 


19.22 


64.49 


H~(n= 1/24) 




0.0778 


0.6535 


1897 


H"(n=l/25) 






Not stable 




"From Eq. (A. 15). 
b From Eq. (A.16). 



are predicted to form a hydride different from H~jy/4JS 
The hydrogen peaks in the region of 110 nm are 0e?o the 
transition B 1 l E+ -> X 1 '£+. A peak at 109J|9^n is d§e 
to v = 1-6, and a peak at 108.946 nm is (h)$J» v^T^gfte 
experimental emission intensity ratio frori 
Intensity (109.989) ^ 13,701 photo 
Intensity (108.946) " 15,506 phot8 _ 

(O 

i versus the peak at 
and hydrogen shown in 



whereas the ratio of the 
108.946 nm with poi 
Fig. 8 is 

lntensiry(11Qj^ 1 





SU883, 



photon counts/s _ 



= 1.19. (2) 



Intensity ( 1 0) 

The ratio of^h^f __. _. 

lOS.^o^D^S^^tassium catalyst and hydrogen shown 
in Fig£r^ 



, 280 photon counts/s 
at IlOnm versus the peak at 



^fe|ensitjjf< 110) 21,723 photon counts/s 
Antimtyi 108.946) ~ 13,462 photon counts/s ~ ' ' ' 

The 1 1 0 nm peak is twice that of the control molecular hy- 
drogen peak. This peak dominated the molecular hydrogen 



peak at 1 08.946 nm such that the counts due to each peak 

were determined by expanding the scale and deconvolving 15 

the superimposed peaks. Potassium does not have emission 

lines in the region of 1 lOnm. Thus, from the comparison, 17 

a novel continuum feature is observed at IlOnm which 

was not due to hydrogen or potassium emission. The novel 1 9 

1 10 nm continuum peak was observed only with potassium 

and atomic hydrogen present over an extended reaction time. 2 1 

As shown in Figs. 8 and 3, the Lyman $ and Lyman $ lines 

of the potassium gas cell at 1 02.6 and 97.3 nm, respectively, 23 

have a greater intensity relative to Lyman cr line at 121.6 nm 

than the other catalysts which indicates a high plasma tern- 25 

perature. These results are consistent with the formation of 

H"( 1/4) from the catalysis of atomic hydrogen by K(m). 27 



4. Discussion # 

A plasma that emitted intense JU^ r^ged at low tern- 29 
peratures (e.g. « 10 3 K) from a0mic%5dro|en and each of 
Rb + , cesium, potassium, and sSnlrurn^atalyst which was 31 
vaporized by heating. No^j^saU^ : '6fimicai reactions of the 
tungsten filament, the dissociate^ the vaporized test mate- 33 
rial, and 300 mTorr^^6geji,at^ cell temperature of 700 ? C 
could be found wfflch ffecounied for the hydrogen Lyman or 35 
line emissioru ; Jn faeff no known chemical reaction releases 
enough energy tj^excife Lyman a emission from hydrogen. 37 
The emissioijwas not observed with catalyst or hydrogen 
alone^Jntense emission was observed for catalyst with hy- 39 
0^«en but no emission was observed when sodium, 
^ma^tesiW, or barium replaced a catalyst with hydrogen. 41 
: ' ^p>is rcijhi ft indicates that the emission was due to a reaction 
l^bfljfe catalyst with hydrogen. 43 
^?The only pure elements that were observed to emit EUV 
were those wherein the ionization of / electrons from an 45 
atom or ion to a continuum energy level is such that the sum 
of the ionization energies of the t electrons is approximately 47 
m x 27.2 eV where / and m are each an integer. Rubidium 
ions and potassium, cesium, and strontium atoms ionize at an 49 
integer multiple of the potential energy of atomic hydrogen, 
m x 27.2 eV. The triple ionization (/ = 3) reaction of 51 
K-K 3 * has a net enthalpy of reaction of 81.7766 eV, which 
is equivalent to m = 3. The reaction Rb + to Rb 2+ has a net 53 
enthalpy of reaction of 27.28 eV, which is equivalent to 
m = 1. The double ionization (/ = 2) of Cs-Cs 24 has a net 55 
enthalpy of reaction of 27.05135 eV, which is equivalent to 
m = I [39]. The ionization reaction of Sr-Sr 5 "*", (/ = 5) has 57 
a net enthalpy of reaction of J 88.2 eV, which is equivalent 
to m = 7. In each case, the reaction involves a nonradiative 59 
energy transfer to form a hydrogen atom that is lower in 
energy than unreacted atomic hydrogen. 61 

Characteristic emission was observed from K 3+ which 
confirmed the resonant nonradiative energy transfer of 63 
3 x 27.2 eV from atomic hydrogen to atomic potassium 
(Eq. (A. 5)). With a highly conductive plasma, the voltage of 65 
the cell was about 20 V, and the field strength was about 
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25 



27 



29 



31 



33 



35 



37 



39 



41 



43 



45 



47 



49 



53 



1-2 V/cm which was too low to ionize potassium to K 3+ 
which requires at least 81.7766 eV. The K 3+ lines generated 
in the incandescently heated cell and due to the catalyst 
reaction of atomic hydrogen were confirmed by a high 
voltage discharge and NIST tables [40,4 1 J. 

K(m) is predicted to catalyze hydrogen to form H[oh/4] 
which reacts with an electron to form H~(I/4). The 
predicted H~(l/4) hydride ion of hydrogen catalysis by 
. potassium was observed spectroscopically at 1 10 nm corres- 
ponding to its predicted binding energy of 11.2eV. The 
hydride reaction product formed over time. 

The release of energy from hydrogen as evidenced by the 
EUV emission must result in a lower-energy state of hydro- 
gen. The present study identified the formation of a novel 
hydride ion. The formation of novel compounds based on 
novel hydride ions would be a substantial evidence sup- 
porting catalysis of hydrogen as the mechanism of the ob- 
served EUV emission and further support the present spec- 
troscopic identification of H~(l/4). Compounds containing 
novel hydride ions have been isolated as products of the re- 
action of atomic hydrogen with atoms and ions identified as 
catalysts in the present study and previously reported EUV 
studies (5,7-3436). The novel hydride compounds were 
identified analytically by techniques such as time of flight 
secondary ion mass spectroscopy, X-ray photoelectron spec- 
troscopy, and ! H nuclear magnetic resonance spectroscopy. 
For example, the time of flight secondary ion mass spec- 
troscopy showed a large hydride peak in the negative spec- 
trum. The X-ray photoelecrron spectrum showed large metal 
core level shifts due to binding with the hydride as well as 
novel hydride peaks. The 'H nuclear magnetic resonance 
spectrum showed significantly upfield shifted peaks which ^ 
corresponded to and identified novel hydride ions. s& 

The hydride ion H~(l/4) has been reported previo 
[22]. KH1 containing H"( 1/4) was synthesized by^rea^tiori^ 
of potassium metal, atomic hydrogen, and KL/FnVXr*S 
spectrum of the product blue crystals differed^froSii. thatjpf 
YA by having additional features at 9.1 aB#l ^\ 1b%£fne 
XPS peaks centered at 9.0 and 1 I.I eV tS|^ no>corre- 
spond to any other primary elemenl^^^s wjbrj^assigned 
to H"(/i=I/4)£b = lUeV hyoVioC^t|3. <r (A.18)) in 
two different chemical envirot^^ts^Mere E h is the pre- 
dicted vacuum binding enerjgv. f^r^rrnore, the reported 
minimum heats of foim^iofl o^|^!jHl by the catalytic reac- 
tion of potassium witl^tonl^iiyifogen and KI were over 
-2000 kJ/mol H2 coifmared If the enthalpy of combustion 
of hydrogen of ^2?r.8 K$t8$Yl7 [36]. The implications are 
that a new fieldgf novjlk hydrogen chemistry has been dis- 
covered thaf%D^^it^ new source of energy with the po- 
tential f6j^ireci:^nversion of plasma to electricity [37,38]. 

5. Conclusion 

Characteristic emission was observed from K 3+ which 
confirmed the resonant nonradiative energy transfer of 



3 • 27.2 eV from atomic hydrogen to atomic potassium 
(Eq. (A.5)). The predicted H~(l/4) hydride ion of hydro- 55 
gen catalysis by potassium catalyst given by Eqs. (A.5)- 
(A.7) and Eq. (A. 18) was observed spectroscopically at 57 
HOnm corresponding to its predicted binding energy of 
JUeV. 59 
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Appendix A. 



A J. Catahsts 



The mechanism of EUV emiss^orfa^d fonnation of novel 
hydrides cannot be explained b)phe conventional chemistry 
of hydrogen; rather it musjthave^%eny<^fe to a novel chem- 



ical reaction between ca 



, and atomic hydrogen. Mills 
[1-38] predicts that certain atom* or ions serve as catalysts 
to release energy^^n^ hydrogen to produce an increased 



binding ener^rryyojjen Tiitom called a hydrino atom hav- 
ing a bindin^fen^r^&f 



-%# 13.6 eV 
Binding enerw= ■ 




(A.1) 



(A.2) 



r4 "'" P 

and^p is an integer greater than 1, designated as H[c*n/p] 
Rere a» is the radius of the hydrogen atom. Hydrinos are 
predicted to form by reacting an ordinary hydrogen atom 
with a catalyst having a net enthalpy of reaction of about 



m x 27.2 eV, 



(A3) 



61 



63 



65 



67 



69 



71 



73 



75 



where m is an integer. This catalysis releases energy from 

the hydrogen atom with a commensurate decrease in size 77 

of the hydrogen atom, r* = nan. For example, the catalysis 

of H(/i ~ 1 >-H(n = 1/2) releases 40.8 eV, and the hydrogen 79 

radius decreases from <7» to |<th- 

The excited energy states of atomic hydrogen are also 81 
given by Eq. (A.I) except that 

n= 1,2,3,... . (A.4) 

The n — I state is the "ground" state for "pure" photon tran- 83 
sitions (the /? = 1 state can absorb a photon and go to an ex- 
cited electronic state, but it cannot release a photon and go to 85 
a lower-energy electronic state). However, an electron 
transition from the ground state to a lower-energy state is 87 
possible by a nonradiative energy transfer such as multipole 
coupling or a resonant collision mechanism. These 89 
lower-energy states have fractional quantum numbers, 
n — 1 /integer. Processes that occur without photons and thai 91 
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1 require collisions are common. For example, the exothermic 

chemical reaction of H + H to form H2 does not occur with 
3 the emission of a photon. Rather, the reaction requires a col- 
lision with a third body, M, to remove the bond energy — 
5 H + H + M->H 2 +M* [43]. The third body distributes 

the energy from the exothermic reaction, and the end result 
7 is the H 2 molecule and an increase in the temperature of 

the system. Some commercial phosphors are based on non- 
9 radiative energy transfer involving multipole coupling. For 

example, the strong absorption strength of Sb 3+ ions along 
1 1 with the efficient nonradiative transfer of excitation from 

Sb 3 * to Mn 2+ , are responsible for the strong manganese 
13 luminescence from phosphors containing these ions [44). 

Similarly, the n— I state of hydrogen and the n— 1 /integer 
1 5 states of hydrogen are nonradiative, but a transition between 

two nonradiative states is possible via a nonradiative energy 
1 7 transfer, say n = 1-1/2. In these cases, during the transition 

the electron couples to another electron transition, electron 
1 9 transfer reaction, or inelastic scattering reaction which can 

absorb the exact amount of energy that must be removed 
21 from the hydrogen atom. Thus, a catalyst provides a net 

positive enthalpy of reaction of m x 27.2 eV (i.e. it absorbs 
23 m x 27.2 eV where m is an integer). Certain atoms or ions 

serve as catalysts which resonantly accept energy from hy- 
25 drogen atoms and release the energy to the surroundings 

to effect electronic transitions to fractional quantum energy 
27 levels. Recent analysis of mobility and spectroscopy data 

of individual electrons in liquid helium show direct experi- 
29 mental evidence that electrons may have fractional principal 

quantum energy levels [35]. 
3 1 According to Mills [1-38], a catalytic system is provided 

by the ionization of / electrons from an atom or ion to a 
33 continuum energy level such that the sum of the ionization^ 

energies of the t electrons is approximately m x 27^5 
35 where m is an integer. 




A. 2. Potassium 

37 One such atomic catalytic 

atoms. The first, second, and thi 

39 potassium are 4.34066, 3 1 .63. 
The triple ionization ( / = 3 

41 net enthalpy of reactioi 
to m = 3 in Eq. (A.3) J 

81.7766 eV + 



*[(/?^)--/]x 13.6eV, 



^potassium 
energies of 
lively [39]. 
3+ , then, has a 
which is equivalent 



(A.5) 



The overall reaction is 

(A.7) 

Vaporized atomic potassium was formed by hydrogen 45 
reduction and thermal decomposition of potassium carbon- 
ate. 47 

A.3. Rubidium ion 



Rubidium tons can also provide a net enthalpy of a multi- 
ple of that of the potential energy of the hydrogen atom. The 
second ionization energy of rubidium is 27.28 eV. The reac- 
tion Rb + -Rb 2+ has a net enthalpy of reaction of 27.28 eV, 
which is equivalent to m = I in Eq. (A.3) A 

27.28 eV + Rb + + H 



+e~+H 



an 



</>+!) 



I 4 ' 



+[(/>+ I) -P"]x T3 ? 6eV£ 



Rb 2+ + e~ - ld$v*27$8eV 
The overa^eactfon 1$ ;: ' 



(A.8) 
(A.9) 




+ J* 13.6 cV. 

(A. 10) 

metal may form RbH which may provide gas 
5 Rb + ions, or rubidium metal may be ionized to provide 
i phase Rb + ions. Rb + ion emission was observed in the 
EUV spectrum of rubidium metal. 

A.4. Cesium 

A catalytic system is provided by the ionization of two 
electrons from a cesium atom each to a continuum energy 
level such that the sum of the ionization energies of the two 
electrons is approximately 27.2 eV. The first and second 
ionization energies of cesium are 3.89390 and 23.1 5745 eV, 
respectively [39]. The double ionization (/ = 2) reac- 
tion of Cs-Cs 2+ , then, has a net enthalpy of reaction of 
27.05135 eV, which is equivalent to m— 1 in Eq. (A.3). 



27.05135 eV + Cs(m) + H 



— 1 — 



Cs 2 



+2e" + H 



+[{/>+ l) 2 - P 2 1 X 13.6 eV, 



49 
51 

53 



55 
57 

59 

61 

63 
65 
67 



(All) 
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K 3+ + 3e~ — K(m) + 81.7766 eV. 



(A.6) 



Cs 2+ + 2e~ — Cs(m) + 27.05135 eV. 



(A.I2) 
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The overall reaction is 



5 
7 
9 



13 

15 
17 
19 

21 

23 



"It]-" 



(/>+!) 



+ !(/>+ 0 2 ~P 2 ]x 13.6 eV. 



(A.13) 

Vaporized atomic cesium was formed by hydrogen reduction 
and thermal decomposition of the carbonate. 

A. 5. Strontium 

One such catalytic system involves strontium. The 
first through the fifth ionization energies of strontium are 
5.69484, 1 1.03013, 42.89, 57, and 71.6 eV, respectively 
[39]. The ionization reaction of Sr-Sr 5 *, (/ = 5), then, has 
a net enthalpy of reaction of 1 88.2 eV, which is equivalent 
to m = 7 in Eq. (A.3). 



188.2 eV + Sr(m) + ] 



-[5]- 

+[(/> + 7) 2 -/7 2 )x 13.6 eV, 



Sr 5 



Sr 5+ + 5e~ — Sr(/n) + 188.2 eV. 
1 1 The overall reaction is 



(A.H) 
(A.15) 



H [7]^ H [(^] + [(;?+7)2 - /]xl3 - 6eV - 



(A.16) 

Vaporized atomic strontium was formed by heating the metal 
to 700° C. 

A.6. Hydride ion 

A novel hydride ion having extraordinary chemtca 
erties given by Mills [1] is predicted to form by trrareSfction 
of an electron with a hydrino (Eq. (A. 17)). Jh«esulti 
hydride ion is referred to as a hydrino hyj&ofe Jon 
nated as H~ (!//>). 

HN+e- 



H-(l//>). 



The hydrino hydride ion is 
hydride ion having a bindin; 
hydride ion is predict* 
and two indistinguishable el< 
cording to the follQWjn%ibi 

Binding energj|g 



\ from an ordinary 
}.8eV. The hydrino 
rise a hydrogen nucleus 
t a binding energy ac- 



(^fU + v^TT)V^] 3 ) ! 



m\a% 



(A. 18) 



mass of the electron, fi t is the reduced electron mass, a$ is 27 
the Bohr radius, and e is the elementary charge. The ionic 
radius is 29 



r, = ^(l + V^T+Tj), j=I (A.19) 
P 2 

From Eq. (A.19), the radius of the hydrino hydride ion 
H~(l/p); p- integer is )/p that of ordinary hydride ion, 
H~ ( 1/1 ). Compounds containing hydrino hydride ions have 
tjeen isolated as products of the reaction of atomic hydrogen 33 
with atoms and ions identified as catalysts by EUV emission 
[5,7-34,36]. 





25 



where p is an integer greater than one, 5=1/2, A is Planck's 
constant bar, /to is the permeability of vacuum, m c is the 
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BlackLight Power, Inc. 

1 . Introduction 

BlackLight Power, Inc. (the Company), a Delaware corporation based in its 53,000 sq. 
ft. headquarters in Cranbury, New Jersey, believes it has developed a new hydrogen chemical 
process that generates power, plasma (a hot ionized glowing gas), and a vast class of new 
compositions of matter. Specifically, the Company has designed and tested a new proprietary 
energy-producing chemical process. The Company has developed high-power density, high- 
temperature, hydrogen gas cells that produce intense light, power orders of magnitude greater 
than that of the combustion of hydrogen at high temperatures, and power densities equal to 
those of many electric power plants. The Company is focusing on cells for generating light and 
plasma for lighting applications and direct conversion to electricity, respectively. 

The cells generate energy through a chemical process (BlackLight Process) which the 
Company believes causes the electrons of hydrogen atoms to drop to lower orbits thus releasing 
energy in excess of the energy required to start the process. The lower-energy atomic hydrogen 
product of the BlackLight Process reacts with an electron to form a hydride ion which further 
reacts with elements other than hydrogen to form novel compounds called hydrino hydride 
compounds (HHCs) which are proprietary to the Company. The Company is developing the 
vast class of proprietary chemical compounds formed via the BlackLight Process. Its 
technology has far-reaching applications in many industries. 

The power may be in the form of a plasma, a hot ionized glowing gas. The plasma may 
be converted directly to electricity with high efficiency, thus, avoiding a heat engine such as a 
turbine. The Company is working on direct plasma to electricity conversion. The device may 
be linearly scaleable from the size of hand held units to large units which could replace large 
turbines. 
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There are many advantages of the technology. The energy balance permits the use of 
electrolysis of water to split water into its elemental constituents of hydrogen and oxygen as the 
source of hydrogen fuel using a small fraction of the output electricity. Additionally, pollution 
produced by fossil and nuclear fuels should be eliminated since no green house gases, air 
pollutants, or hazardous wastes are produced. As no fossil fuels are required, the projected 
commercial operating costs are much less than that of any known competing energy source. 

The Company's process may start with water as the hydrogen source and convert it to 
HHCs; whereas, fuel cells typically require a hydrocarbon fuel and an expensive reformer to 
convert hydrocarbons to hydrogen and carbon dioxide. The Company's plasma to electric 
conversion technology with no reformer, no fuel cost, creation of a valuable chemical by- 
product rather than pollutants or green house gases such as carbon dioxide, and significantly 
lower capital costs and operating and maintenance (O&M) costs are anticipated to result in 
household units that are competitive with central power and significantly superior to competing 
microdistributed power technologies such as fuel cells. 

2. The BlackLight Process 

Based on physical laws of nature, Dr. Mills theory predicts that additional lower energy 
states are possible for the hydrogen atom, but are not normally achieved because transitions to 
these states are not directly associated with the emission of radiation. Thus, the ordinary 
hydrogen atom as well as lower-energy hydrogen atoms (termed hydrinos by Dr. Mills) are 
stable in isolation. Mills theory further predicts that hydrogen atoms can achieve these states 
by a radiationless energy transfer with a nearby atom, ion, or combination of ions (a catalyst) 
having the capability to absorb the energy required to effect the transition. Radiationless 
energy transfer is common. For example, it is the basis of the performance of the most 
common phosphor used in fluorescent lighting. Thus, the Company believes hydrogen atoms 
can be induced to collapse to a lower-energy state, with release of the net energy difference 
between states. Successive stages of collapse of the hydrogen atom are predicted, resulting in 
the release of energy in amounts many times greater than the energy released by the combustion 
of hydrogen. Since the combustion energy is equivalent to the energy required to liberate 
hydrogen from water, a process which takes water as a feed material and produces net energy is 
possible. The equivalent energy content of water would thus be several hundred to several 
thousand times that of crude oil, depending on the average number of stages of collapse. 

The Company is the pioneer of technology based on the chemical process of releasing 
chemical energy from hydrogen called the "BlackLight Process". More specifically, energy is 
released as the electrons of hydrogen atoms are induced by a catalyst to transition to lower- 
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energy levels (i.e. drop to lower base orbits around each atom's nucleus) corresponding to 
fractional quantum numbers. The lower energy atomic hydrogen product is called "hydrino", 
and the hydrogen catalyst to form hydrino is called a "transition catalyst". As hydrogen atoms 
are normally found bound together as molecules, a hot dissociator is used to break hydrogen 
molecules into individual hydrogen atoms. A vaporized catalyst then causes the normal 
hydrogen atoms to transition to lower-energy states by allowing their electrons to fall to smaller 
radii around the nucleus with a release of energy that is intermediate between chemical and 
nuclear energies. The products are power, plasma, light, and novel HHCs. 

The catalysts used and the BlackLight Process are the proprietary intellectual property 
of the Company. The theory, data, and analysis supporting the existence of this new form of 
energy have been made publicly available [1-22]. Also see the BlackLight Power web page: 
www.blacklightpower.com. Laboratory scale devices demonstrating means of extracting the 
energy have been operated at the Company and at independent laboratories. Results to date 
indicate that the process can eventually provide economically competitive products in a wide 
range of applications including lighting, thermal, and electric power generation. The 
Company's gas energy cells, even in prototype stage, are frequently operating at power 
densities and temperatures equivalent to those of many coal fired electric power plants and 
produce about 100 times the energy of the combustion of the hydrogen fuel. The plasma is 
permissive of a direct plasma to electricity conversion technology as well as the production of 
electricity by conventional heat engines. The Company currently believes that the scale-up of 
energy cells to commercial power generation level will require mainly the application of 
existing industry knowledge in catalysis and power engineering. 

The lower-energy atomic hydrogen product of the BlackLight Process reacts with an 
electron to form a hydride ion which further reacts with elements other than hydrogen to form 
novel compounds which are proprietary to the Company. The Company is developing the vast 
class of proprietary chemical compounds formed via the BlackLight Process. Test results 
indicate that the properties of HHCs are rich in diversity due to their extraordinary binding 
energy (i.e. the energy required to remove an electron which determines the chemical reactivity 
and properties). This new class of matter may be comparable to carbon in terms of the 
possibilities of new compositions of matter. Carbon is a base element for many useful 
compounds ranging from diamonds, to synthetic fibers, to liquid gasoline, to pharmaceuticals. 
The Company believes hydrino hydride ions have the potential to be as useful as carbon as a 
base "element". The novel compositions of matter and associated technologies have far- 
reaching applications in many industries including the chemical, lighting, computer, defense, 
energy, battery, propellant, munitions, surface coatings, electronics, telecommunications, 
aerospace, and automotive industries. The Company is focusing on developing a high voltage 
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battery and silane materials based on the novel hydride chemical products. Many additional 
applications of the chemical compounds are possible. 

2.1 Confirmation of the BlackLight Process 

Based on the solution of a Schrodinger-type wave equation with a nonradiative 
boundary condition based on Maxwell's equations, Mills [1-22] predicts that atomic hydrogen 
may undergo a catalytic reaction with certain atomized elements or certain gaseous ions which 
singly or multiply ionize at integer multiples of the potential energy of atomic hydrogen, 

27.2 eV For example, cesium atoms ionize at an integer multiple of the potential energy of 
atomic hydrogen, m • 27.2 eV. The enthalpy of ionization of Cs to Cs 2+ has a net enthalpy of 
reaction of 27.05135 eV, which is equivalent to m = 1 [23]. And, the reaction Ar* to Ar 2+ 
has a net enthalpy of reaction of 27.63 eV, which is equivalent to m = 1 [23]. In each case, the 
reaction involves a nonradiative energy transfer to form a hydrogen atom that is lower in 
energy than unreacted atomic hydrogen. The product hydrogen atom has an energy state that 
corresponds to a fractional principal quantum number. Recent analysis of mobility and 
spectroscopy data of individual electrons in liquid helium show direct experimental 
confirmation that electrons may have fractional principal quantum energy levels [5]. The 
lower-energy hydrogen atom is a highly reactive intermediate which further reacts to form a 
novel hydride ion. Emission was observed from a continuum state of Cs 2+ and Ar 2+ at 

53.3 nm and 45.6 nm, respectively [7]. The single emission feature with the absence of the 
other corresponding Rydberg series of lines from these species confirmed the resonant 
nonradiative energy transfer of 27.2 eV from atomic hydrogen to atomic cesium or Ar + . The 
catalysis product, a lower-energy hydrogen atom, was predicted to be a highly reactive 
intermediate which further reacts to form a novel hydride ion. The predicted hydride ion of 
hydrogen catalysis by either cesium atom or Ar* catalyst is the hydride ion H~(l 1 2). This ion 
was observed spectroscopically at 407 ran corresponding to its predicted binding energy of 
3.05 eV [7]. 

Typically, the emission of extreme ultraviolet (EUV) light from hydrogen gas is 
achieved by a discharge at high voltage, a high power inductively coupled plasma, or in hot 
fusion research, a plasma is created and heated by radio waves to 10s of millions of degrees 
with confinement of the hot plasma by a toroidal (donut shaped) magnetic field. The Company 
has observed intense EUV emission at low temperatures (e.g. « 10 3 K) from atomic hydrogen 
and certain atomized elements or certain gaseous ions [7, 9-15] that served as catalysts. The 
Company has tested over 130 elements and compounds which covers essentially all of the 
elements of the periodic chart. The chemical interaction of catalysts with atomic hydrogen at 
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temperatures below 1000 K has shown surprising results in terms of the emission of the Lyman 
and Balmer lines [7, 9-15] (atomic hydrogen emission ten times more energetic than the 
combustion of hydrogen), emission of lines corresponding to lower-energy hydrogen states and 
the corresponding hydride ions, and the formation of novel chemical compounds [16-22]. 

Over 20 independent labs have performed 25 types of analytical experiments that 
confirm the Company's novel catalytic reaction of atomic hydrogen which produces an 
anomalous discharge or plasma and produces novel hydride compounds [7-22]. Experiments 
that confirm the novel hydrogen chemistry include extreme ultraviolet (EUV) spectroscopy [7, 
9-12, 15], plasma formation [7-15], power generation [8-10, 15, 22], and analysis of chemical 
compounds [16-22]. For example: 

1 . ) Pennsylvania State University, Chemical Engineering Department has determined 
heat production associated with hydrino formation with a Calvet calorimeter that showed the 
generation of 10 7 J I mole of hydrogen, as compared to 2.5 X\Q 5 J I mole of hydrogen 
anticipated for standard hydrogen combustion [24]. Thus, the total heats generated appear to 
be 100 times too large to be explained by conventional chemistry, but the results are completely 
consistent with Mills model. 

2. ) Lines observed at the Institut Fur Niedertemperatur-Plasmaphysik e.V. by EUV 
spectroscopy could be assigned to transitions of atomic hydrogen to lower energy levels 
corresponding to lower energy hydrogen atoms and the emission from the excitation of the 
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176.8 eV (70.2 A) photon is a close match with the observed 73.0 A line. The energy of this 
line emission corresponds to an equivalent temperature of 1,000,000 °C and an energy over 100 
times the energy of combustion of hydrogen. 

3. ) Transitions of atomic hydrogen to lower energy levels corresponding to lower 
energy hydrogen atoms has been identified in the extreme ultraviolet emission spectrum from 
interstellar medium [4], 

4. ) Observation of intense extreme ultraviolet (EUV) emission has been reported at low 
temperatures (e.g. » 10 3 K) from atomic hydrogen and certain atomized elements or certain 
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gaseous ions [7, 9-15]. The only pure elements that were observed to emit EUV were those 
wherein the ionization of t electrons from an atom to a continuum energy level is such that the 
sum of the ionization energies of the t electrons is approximately m • 27.2 eV where / and m 
are each an integer. Potassium, cesium, and strontium atoms and Rb* ion ionize at integer 
multiples of the potential energy of atomic hydrogen and caused emission. Whereas, the 
chemically similar atoms, sodium, magnesium and barium, do not ionize at integer multiples of 
the potential energy of atomic hydrogen and caused no emission. A catalyst may also be 
provided by the transfer of / electrons between participating ions. The transfer of / electrons 
from one ion to another ion provides a net enthalpy of reaction whereby the sum of the 
ionization energy of the electron donating ion minus the ionization energy of the electron 
accepting ion equals approximately m - 27.2 eV where t and m are each an integer. Potassium 
ions can also provide a net enthalpy of a multiple of that of the potential energy of the hydrogen 
atom. The second ionization energy of potassium is 31.63 eV\ and fC releases 4.34 eV when 
it is reduced to K [23]. The combination of reactions If to K 2+ and fC to K 9 then, has a net 
enthalpy of reaction of 27.28 eV, which is equivalent to 1 • 27.2 eV . Observation of intense 
extreme ultraviolet (EUV) emission has been reported at low temperatures (e.g. » 10 3 K) from 
K 2 C0 3 ; whereas, chemically similar Na 2 CQ caused no emission [11]. 

5. ) An energetic plasma in hydrogen was generated using strontium atoms as the 
catalyst. The plasma formed at 1% of the theoretical or prior known voltage requirement with 
4,000-7,000 times less power input power compared to noncatalyst controls, sodium, 
magnesium, or barium atoms, wherein the plasma reaction was controlled with a weak electric 
field [10, 15]. The light output for power input increased to 8600 times that of the control 
when argon was added to the hydrogen strontium plasma to form Ar* catalyst [9]. 

6. ) The optically measured output power of gas cells for power supplied to the glow 
discharge increased by over two orders of magnitude depending on the presence of less than 
1% partial pressure of certain catalysts in hydrogen gas or argon-hydrogen gas mixtures [8]. 

7. ) In experiments performed at the Institut Fur Niedertemperatur-Plasmaphysik e.V., 
an anomalous plasma formed with hydrogen-potassium mixtures wherein the plasma decayed 
with a two second half-life which was the thermal decay time of the filament which dissociated 
molecular hydrogen to atomic hydrogen when the electric field was set to zero [13]. This 
experiment showed that hydrogen line emission was occurring even though the voltage 
between the heater wires was set to and measured to be zero and indicated that the emission 
was due to a reaction of potassium catalyst with atomic hydrogen which confirms a new 
chemical source of power. 

8. ) A plasma of hydrogen and certain alkali ions formed at low temperatures (e.g. 
« 10 3 K ) as recorded via EUV spectroscopy and the hydrogen Balmer and alkali line emissions 
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in the visible range. The observed plasma formed at low temperatures (e.g. * 10 3 K ) from 
atomic hydrogen generated at a tungsten filament that heated a titanium dissociator and a 
catalyst comprising one of potassium, rubidium, cesium, and their carbonates and nitrates. 
These atoms and ions ionize to provide a catalyst with a net enthalpy of reaction of an integer 
multiple of the potential energy of atomic hydrogen (m • 27.2 eV, m= integer ) to within 0.17 
eV and comprise only a single ionization in the case of a potassium or rubidium ion. Whereas, 
the chemically similar atoms of sodium and sodium and lithium carbonates and nitrates which 
do not ionize with these constraints caused no emission. To test the electric dependence of the 
emission, a weak electric field of about 1 V/cm was set and measured to be zero in 
< 0.5 X 10~ 6 sec . An anomalous afterglow duration of about one to two seconds was recorded 
in the case of potassium, rubidium, cesium, K 2 C0 3 , RbN0 3y and CsN0 3 . Hydrogen line or 

alkali line emission was occurring even though the voltage between the heater wires was set to 
and measured to be zero. These atoms and ions ionize to provide a catalyst with a net enthalpy 
of reaction of an integer multiple of the potential energy of atomic hydrogen to within less than 
the thermal energies at » 10 3 K and comprise only a single ionization in the case of a 
potassium or rubidium ion. Since the thermal decay time of the filament for dissociation of 
molecular hydrogen to atomic hydrogen was similar to the anomalous plasma afterglow 
duration, the emission was determined to. be due to a reaction of atomic hydrogen with a 
catalyst that did not require the presence of an electric field to be functional. 

9.) The formation of novel compounds provide substantial evidence supporting a novel 
reaction of hydrogen as the mechanism of the observed EUV emission and anomalous 
discharge. Novel hydrogen compounds have been isolated as products of the reaction of 
atomic hydrogen with atoms and ions identified as catalysts in the reported EUV studies [7-22]. 
Novel inorganic alkali and alkaline earth hydrides of the formula MH* and MH*X wherein 
M is the metal, X, is a singly negatively charged anion, and H* comprises a novel high 
binding energy hydride ion were synthesized in a high temperature gas cell by reaction of 
atomic hydrogen with a catalyst such as potassium metal and MH, MX or MX 2 corresponding 
to an alkali metal or alkaline earth metal compound, respectively [16-17, 19]. Novel hydride 
compounds were identified by 1.) time of flight secondary ion mass spectroscopy which 
showed a dominant hydride ion in the negative ion spectrum, 2.) X-ray photoelectron 
spectroscopy which showed novel hydride peaks and significant shifts of the core levels of the 
primary elements bound to the novel hydride ions, 3.) l H nuclear magnetic resonance 
spectroscopy (NMR) which showed extraordinary upfield chemical shifts compared to the 
NMR of the corresponding ordinary hydrides, and 4.) thermal decomposition with analysis by 
gas chromatography, and mass spectroscopy which identified the compounds as hydrides [17, 
19]. 
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An upfield shifted l H NMR peak is consistent with a hydride ion with a smaller radius 
as compared with ordinary hydride since a smaller radius increases the shielding or 
diamagnetism. Thus, the NMR shows that the hydride formed in the catalytic reaction has been 
reduced in distance to the nucleus indicating that the electrons are in a lower-energy state. 
Compared to the shift of known corresponding hydrides the NMR provides direct evidence of 
reduced energy state hydride ions. 

The NMR. results confirm the identification of novel hydride compounds MH*X, 
MH*, and MH 2 wherein M is the metal, X, is a halide, and H* comprises a novel high 
binding energy hydride ion. For example, large distinct upfield resonances were observed at - 
4.6 ppm and -2.8 ppm in the case of KH*Cl and KH*, respectively. Whereas, the 
resonances for the ordinary hydride ion of KH were observed at 0.8 and 1.1 ppm. The 
presence of a halide in each compound MH*X does not explain the upfield shifted NMR peak 
since the same NMR spectrum was observed for an equimolar mixture of the pure hydride and 
the corresponding alkali halide (MH/MX) as was observed for the pure hydride, MH. The 
synthesis of novel hydrides such as KH* with upfield shifted peaks prove that the hydride ion 
is different from the hydride ion of the corresponding known compound of the same 
composition. The reproducibility of the syntheses and the results from five independent 
laboratories confirm the formation of novel hydride ions [16]. 

3. Business Units 

The Company believes that it has created a commercially competitive new source of 
energy, a new source of plasma which releases rather than consumes energy, a new source of 
light, and a revolutionary new field of hydrogen chemistry. With its achievements of a 
sustained 100,000+ °C plasma of hydrogen with essentially no power input to its power cell 
and synthesis of over 40 novel compounds in bulk with extraordinary properties the Company 
is focusing on product development. Initial target products are a direct plasma to electric 
power cell targeted at the residential and commercial microdistributed markets and the 
premium power market. Additional market objectives for the plasma and chemistry 
technologies are lighting sources, a high voltage battery to power portable electronics and 
electric vehicles, and chemical products and processes based on silicon and hydrino chemistry. 

The Company has two basic business units — power and chemical. The plasma-electric 
technology may represent a near-term huge energy market. But, in the case of a large central 
power plant, the Company estimates that the potential revenues from the chemicals produced 
with power generation may eclipse the electricity sales. However, both offer extraordinary 
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potential revenue and profit. Since enormous power (easily convertible to electricity) is a 
product of the BlackLight Process, the two units can operate in tandem seamlessly. 

The priorities of the Company's power business is the residential and commercial 
microdistributed markets and the premium power market based on its plasma-electric power 
cell technology. The time to market should be near term for these relatively small-scale, simple 
devices that are projected to be inexpensive to manufacture, service, and use, and vastly 
superior to competing technologies such as internal combustion engine gensets, fuel cells, and 
microturbines. Selected statistics on electric generation are given in Table L 

Table 1. Statistics on electric generation. 



US Electric Market 

• $217 billion in annual US sales (1998). 

• 43% Residential 

• 32% Commercial 

• 22% Industrial 

• 5% Other 

Capital Expenditures Required to Meet New Generation Demand 

• Estimated at $90 Billion Globally with 10% in US in 1999 

• $21 Billion will be spent on Premium Power in 2000 

• $30 Billion in 2002 

• $50 Billion in 2005 

Premium Power Consumption/Demand 

• Estimated to be 30,000 MW in 1999 

• Estimated to be 500,000 MW in 2000 

• Double digit growth expected over next five years 



Early adopters of BlackLight power systems are expected to be those that require 
premium power generated on-site. The premium power market* includes businesses where 
brief electrical outages can cause severe monetary loss: telecommunication sites, computer 
centers, server hotels, e-commerce centers, semiconductor fabrication facilities, and others. 
The market size was estimated to be 30,000 MW in 1999 and growth to be multiples of the 



* The premium power market is also known as the 9' s market and the powercosm market. 
Utility grids provide 99.9% reliability, or 8 hours of disruption per year. For the Internet 
economy, even small fractions of a second can cost millions of dollars. In high technology 
manufacturing industries, even hours of disruption can shut down operations for days, again 
costing millions. More reliability is measured in %, the more 9's required (99.999...%), the 
smaller the fractions of a second power is disrupted and the more valuable the power. 



entire energy market rate [25-26]. The Glider Group and Stephens Inc. estimates [27-28] that 
this market is 15% of the current US energy market, and it will be 30—50% within 3—5 years 
as the internet economy build-out continues. This market is characterized by early adoption of 
emerging technologies and an insensitivity to cost. For example, a typical rate is over $1,000 
per kWh, and the rate for the upper-end of the reliability scale, six 9's reliable power, is about 
$1 million per kWh compared to 5 0 per kWh for three 9's power supplied by the grid The 
premium power market is a multi-billion dollar market. The current equipment market is $21 
billion in hardware alone and is projected to eclipse the profitability of the entire utility market 
in the near term [29]. 

Table 2. Competitive Advantages of The BlackLight Power Process. 

Cost Per KWH of Alternative Energy Sources ~ ~~ 



Coal 



4-5 0 



Natural Gas 4.5 ^ 

Oil 4-5 0 

Nuclear Power 5.5 ^ 

Hydroelectric 4.7 ^ 

Geothermal 5_g g 



Wind 



5-9* 



Solar 10-12 0 

Photovoltaic 30-40 0 

BlackLight * <\ $ 

*Cost figures include operating, maintenance, capital generating expense of plasma- 
electric system (Source: EPRI, BlackLight Power, Inc.) 



BlackLight's Energy Systems design advantages are: virtually instantaneous turn on/off, 
simplicity, easy logistics, low capital cost, low operational and maintenance cost, easy 
redundancy (for reliability), and no pollution. With our current design, BlackLight projects 
capital costs around $25-100 per kW, and very low generation cost (<$0.01 per kWh). This 
is lower than competitive solutions, but in this market segment cost is not a driver. Our chief 
competitors are reciprocating engine-based gensets built by Catapillar, Cummins, and others. 
Additional competition might be from newer entrants: microturbines and fuel cells. The 
former competitors, fossil-fueled engines, have an advantage because they are an incumbent 
technology, but 1 .) they will not be able to significantly improve their reliability, 2.) they have a 
short lifetime, 3.) they do not meet pollution requirements, and 4.) they can not reduce their 
O&M costs to be competitive with our solution. The latter competitors have a slight advantage 
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in name recognition relative to BlackLight, but microturbines and fuel cells are not suited for 
the premium power market. Fuel cells and turbine systems take too long to start up, and are 
difficult to harmonize with grid-supplied power. Thus, they are ineffective at improving power 
reliability. 

Due to superior performance of its technology, the Company expects early adoption by 
the premium power market with expansion into the broader microdistributed market. The 
broader market which includes hundreds of millions of homes and businesses in the US and 
Europe will be drawn by significant cost savings and increasing unreliability of the grid with a 
lack of viable microdistributed alternatives. The populace of the third world, particularly Asia, 
represents a further enormous market opportunity for which BlackLight technology is 
particularly suited, since in addition to very low capital and O&M costs, no fuel or electrical 
grid infrastructure is required. 

In terms of its development strategy for large scale systems, the Company has decided 
to focus on developing the chemical business unit as a first priority over large power plants. In 
addition to the possibility of larger revenue, the chemical business offers several other initial 
advantages. A power generation plant based on thermal energy would have to be scaled-up 
while maintaining current or higher levels of power density before it could be commercialized. 
Scaling up to a power plant of very large proportions has engineering risks. While there are 
engineering risks associated with the scale-up for chemical production, they are not as 
daunting. Some potential product areas such as electronics are projected to have very high 
value in small quantity. Moreover, in terms of gaining widespread scientific and commercial 
acceptance for the BlackLight Process, it is relatively easy to validate the properties of a 
chemical compound. A solid chemical compound is a product that can be examined directly 
and its existence proven unequivocally — it either exists or it doesn't. This also means that its 
patents are well defined and easy to defend. The products are much more diverse, so broad 
industry adoption is anticipated. 

In addition to direct cell power to electric power conversion, thermal power from the 
plasma produced by the BlackLight Process may be converted to electricity by powering a 
turbine. Contemporary central station thermal generation systems have been optimized to 
match their respective thermal sources. Since BlackLight-technology is not combustion or 
nuclear, an opportunity exists to dramatically reduce the complexity of the generation station. 
The BlackLight Process may be used as a thermal source for central or distributed power 
through use of a modified steam or gas turbine. The BlackLight adaptation of the steam-based 
system replaces the heat source of the boiler with a BlackLight gas cell. The BlackLight 
adaptation of the gas turbine replaces the combustor of a conventional machine with a gas cell 
and a heat exchanger incorporating the BlackLight Process. High pressure air from the 
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compressor is heated by the BlackLight energy cell heat exchanger before expanding through 
the power turbine. The exhaust would contain no combustion products. With energy 
production from hydrogen at a hundred times combustion energy, fuel cost would become an 
inconsequential consideration, and refueling intervals would be consistent with other 
maintenance. Alternatively, an on-site electrolysis system producing hydrogen from water 
could provide unlimited fuel with periodic additions of small quantities of water. 

A typical chemical plant is projected to produce 100 MW electric power as a side 
product. Power and chemical cells may be fabricated using readily available materials, and 
systems such as steam or gas turbine systems are scalable over a large range [e.g. distributed 
units (1 MW) to central power plants (1 GW)]. The projected cost for a combined chemical 
and energy plant is about $250/kW. The two functions could work seamlessly together and 
generate a dual income stream with a reduction of business risk. Rather than producing nuclear 
or fossil fuel waste which requires disposal, the BlackLight chemical plant will produce HHCs 
which have potential for far-reaching applications in many industries such as batteries for 
electric vehicles at significant earnings. For example, a 100 MW chemical plant is projected to 
produce $300 M in electric vehicle battery revenue from 200,000 batteries with $23 M from 
electricity sales at 3 0 kWh. 

4. Solution to the Energy Problem? 

The world's current energy system is unsustainable. Furthermore, the world's current 
energy system is not sufficiently reliable or affordable to support widespread economic growth. 
The productivity of one-third of the world's people is compromised by lack of access to 
commercial energy, and perhaps another third suffer economic hardships and insecurity due to 
unreliable energy supplies [30]. Solar and wind power are prohibitively expensive. Billions of 
dollars have been spent to harness the energy of hydrogen through hot fusion using extremely 
hot plasmas created with enormous energy input using complex, expensive systems. By 
contrast, the Company's reactions indicate that over 100 times the energy of its combustion is 
released from hydrogen with the formation of a plasma as a by-product at relatively low 
temperatures with simple, inexpensive systems. And, in the Company's power cells, the 
plasma may be converted directly to electricity with high efficiency avoiding a heat engine such 
as a turbine. In addition, rather than producing radioactive waste, the BlackLight Process 
produces compounds having extraordinary properties. The implications are that a vast new 
energy source and a new field of hydrogen chemistry have been discovered. 

The advantages of the BlackLight process over existing energy forms, such as fossil 
fuels and nuclear power, include: (1) the water, which is the fuel for the process, is safe and 
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inexpensive to contain; (2) the reaction is prospectively easily controlled; and (3) the 
byproduct, HHCs, have great potential commercial value. The projection of the capital cost per 
kilowatt capacity of BlackLight's system may be an order of magnitude less than that of the 
typical capital cost for a fossil fuel system and two orders of magnitude less than that of the 
typical capital cost for a nuclear system. The power cell may also be interfaced with 
conventional steam-cycle or gas turbine equipment used in fossil fuel power plants. In either 
case, fuel costs are eliminated since the fuel, hydrogen, can be generated by a fraction of the 
electrical output power. The cost factors per kilowatt/hour are the capital, maintenance and 
operation costs of the gas cell and plant. These costs are further reduced by elimination of the 
costs of handling fossil fuels and managing the pollution of air, water, and ground caused by 
the ash generated by fossil fuels. 

4.1. BlackLight Distributed Generation 

Central station generation and distribution, the mainstay of electrical power production 
for the last 100 years worldwide, is now being supplemented in an increasing number of areas 
by smaller power units closer to the end-user group. Most distributed-generation units are in 
the capacity range of 100 kW — 3 MW (electric), but some could be as large as 250 MW 
(electric). Distributed generation solves some of centralized power's inherent problems of 
transmission and distribution line losses, electromagnetic pollution fears from high-tension 
lines, cost and difficulty of transmission-line maintenance, and inefficiencies in load factor 
design of power plants (wherein the use of a 20% capacity safety factor is still a common 
industry practice when estimating peak loading). The Company's technology may be ideal for 
distributed generation with significant reductions in grid complexity and generation capital 
equipment requirements. 

The Company projects that the residential market may be broadly served by a 25 kW 
unit, and the commercial market may be broadly served by modular 1 MW units. This 
approach may replace the grid since in addition to avoidance of line losses, a major economic 
advantage of distributed power is the avoidance of transmission tariffs which could amount to 
50% of the cost of electricity to a customer. Using BlackLight's distributed power generation 
technology, considerable savings can be realized by eliminating the transmission and 
distribution capital equipment, operations, and maintenance costs. Also, energy can be saved, 
given that electricity "demand" also includes substantial transmission and distribution losses 
from the traditional central-station type power generation systems. These considerations are 
important considerations for developing nations. 
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As the world's population grows from about 6 billion (in 1999) to an estimated 7 
billion by 2010, most of the new energy demand will come from less-developed countries 
(LDCs), as these countries' living standards increase. LDC energy demand has long been 
answered by economic development programs generally aimed at the development of large, 
central-station power plants. These do not adequately address the thermal and lighting needs of 
half the world's population which is poor, many of whom still use carbon fuels for these 
purposes. The solution for LDCs may be distributed power facilitated by BlackLight Power 
technology since no fuel, power plant, or transmission grid infrastructure is required. 

5. BlackLight Power Technology — A New Paradigm in Energy and Electricity 
Generation 

The products of the BlackLight Process are power, plasma, light, and novel HHCs. 
Using advanced catalysts in its gas power cell, the Company has sustained an energetic plasma 
in hydrogen at 1% of the theoretical or prior-known voltage requirement and with 1000's of 
times less power input in a system wherein the plasma reaction is controlled with a weak 
electric field. A plasma is a very hot, glowing, ionized gas. The plasma is produced from 
reactions which release energies over 100 times the energy of the combustion of hydrogen and 
correspond to an equivalent electron temperature of over 1,000,000 °C. The plasma produced 
in the Company's cells cannot be produced by any chemical reaction other than the Company's 
process. 

5.1. Plasma-Electric Power Converter 

Typically, a heat engine such as a turbine is used for converting heat into electricity. 
However, plasma power may be directly converted into electrical power. The technology is not 
based on heat. Thus, heat sinks such as a river or cooling towers as well as thermal pollution 
are largely eliminated. Based on research and development in this area of converters, the 
Company expects that routine engineering will result in devices that have higher conversion 
efficiencies than turbines. The device may be linearly scaleable from the size of hand held 
units to large units which could replace large turbines. And, unlike turbine technology wherein 
the cost per unit capacity soars with miniaturization, the Company anticipates that the unit cost 
per capacity will be insensitive to scale. The Company anticipates applications for its 
technology in broad markets such as premium power, microdistributed power, motive power, 
consumer electronics, portable electronics, telecommunications, aerospace, and 
uninterruptable, remote, and satellite power supplies. 
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Plasma may be directly converted into electricity using a direct converter. Several 
examples being studied and tested by BlackLight are microwave devices such as a gyrotron, a 
magnetic mirror magnetohydrodynamic power converter, a charge drift direct power converter, 
and a Post or Venetian blind direct power converter. 

5.1.1. Gyrotron Converter 

A gyrotron is an established technology for converting energetic electrons into 
microwaves. Conventionally the source of energetic electrons comprises an electron beam or a 
plasma formed by electrical input such as a high voltage discharge. Prior to the development of 
the Company's technology, it was not possible to generate a plasma in hydrogen chemically. 
The BlackLight Process generates an energetic plasma in hydrogen which is a new source of 
energy. 

The energy released by the catalysis of hydrogen to form HHCs produces a plasma in 
the cell. The energetic electrons of the plasma produced by the BlackLight Process are 
introduced into an axial magnetic field where they undergo cyclotron motion. The force on a 
charged ion in a magnetic field is perpendicular to both its velocity and the direction ofethe 
applied magnetic field. The electrons of the plasma orbit in a circular path in a plane transverse 
to the applied magnetic field for sufficient field strength at an ion cyclotron frequency co c that 

is independent of the electron velocity. Thus, a typical case which involves a large number of 
electrons with a distribution of velocities will be characterized by a unique cyclotron frequency 
that is only dependent on the electron charge to mass ratio and the strength of the applied 
magnetic field. There is no dependence on their velocities. The velocity distribution will, 
however, be reflected by a distribution of orbital radii. The electrons emit electromagnetic 
radiation with a maximum intensity at the cyclotron frequency. The velocity and radius of each 
electron may decrease due to loss of energy and a decrease of the temperature. 

The gyrotron comprises a resonator cavity which has a dominant resonator mode at the 
cyclotron frequency. The plasma contains electrons with a range of energies and trajectories 
(momenta) and randomly distributed phases initially. Electromagnetic oscillations are 
generated from the electrons to produce induced radiation due to the grouping of electrons 
under the action of the self-consistent field produced by the electrons themselves with coherent 
radiation of the resulting packets. In this case, the device is a feedback oscillator. The theory 
of induced radiation of excited classical oscillators such as electrons under the action of an 
external field and its use in high-frequency electronics is described by A. Gaponov et al. [31]. 
The electromagnetic radiation emitted from the electrons excites the mode "of the cavity and is 
received by a resonant receiving antenna. 
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The engineering of the BlackLight gyrotron converter is based on established 
microwave technology which may achieve very high conversion efficiencies (e.g. 80%) of 
energetic electrons into microwaves [32]. A 0.1 Tesla magnetic field will produce about 2.5 
GHz microwaves. The microwaves are then rectified into DC electricity. Rectification 
efficiency at 2.5 GHz is about 95% [33-36]. The DC electricity may be inverted and 
transformed into any desired voltage and frequency , with conventional power conditioning 
equipment. 

5.1.2. Magnetic Mirror Magnetohydrodynamic (Mirror-MHD) Power Converter 

The BlackLight plasma comprises energetic electrons and ions which may be converted 
into a directional flow using a magnetic mirror described by Jackson [37] and directly 
converted into electricity. A magnetic mirror has a magnetic field gradient in a desired 
direction of ion flow (e.g. z-axis) where the initial parallel velocity of plasma electrons v |10 

increases as the orbital velocity v ± decreases with conservation of energy according to the 
v, 2 

adiabatic invariant — ^ = constant , the linear energy being drawn from that of orbital motion. 
B 

As the magnetic flux B decreases the radius a will increase such that the flux m 2 B remains 
constant. The adiabatic invariance of flux through the orbit of an ion is a means to form a flow 
of ions along the z-axis with the conversion of v x to v„ such that v n > v L . 

The plasma is generated selectively in a desired region of the BlackLight power cell. A 
magnetic mirror of a magnetic mirror magnetohydrodynamic power converter is located in the 
desired region such that electrons and ions are forced from a homogeneous distribution of 
velocities in x, y, and z to a preferential velocity along the axis of magnetic field gradient of the 
magnetic mirror, the z-axis. The mirror-MHD power converter further comprises a 
magnetohydrodynamic power converter comprising a source of magnetic flux transverse to the 
z-axis. Thus, the ions have a preferential velocity along the z-axis and propagate into the 
region of the transverse magnetic flux from the source of transverse flux. The Lorentzian force 
on the propagating electrons and ions with charge e is given by F= es x B. The force is 
transverse to the ion velocity and the magnetic field and in opposite directions for positive and 
negative ions. Thus, charge separation occurs for electrons and positive ions. The 
magnetohydrodynamic power converter further comprises at least two electrodes which may be 
transverse to the magnetic field to receive the transversely Lorentzian deflected ions which 
creates a voltage across the electrodes. The Lorentzian deflector or magnetohydrodymanic 
generator may be a segmented Faraday generator as described by Petrick [38]. The voltage 
may drive a current through an electrical load. 
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According to the adiabatic invariant = constant , the parallel velocity at any position 

B 

2 2 2 B(z) 

along the z-axis is given by v |(0 = v 0 - v 10 where the zero subscript represents the original 

2 2 2 B(z) 

condition. In the case that v !10 = v 10 = 0.5v 0 and —^ = 0.1 at the magnetohydrodymanic 

B o 

power converter, the velocity is 95% parallel to the z-axis. The deflection of the ions may be 
essentially 100%. Thus, very high efficiency may be achieved. Furthermore, very high power 
may be achieved since very large currents are possible for a given ion energy corresponding to 
a maximum electrode voltage, and series magnetohydrodymanic power converters may achieve 
high voltages. 

5.1.3. Charge Drift Direct Power Converter 

The charge drift direct power converter described by Timofeev and Glagolev [39-40] 
comprises a magnetic field gradient in a direction transverse to the direction of a source of a 
magnetic flux B and a source of magnetic flux B having a curvature of the field lines. Jackson 
[41] shows that if charged particles move through regions where a magnetic field gradient 
exists in a direction transverse to the direction of a magnetic flux B or the magnetic field has 
curvature in a plane, drifting negatively and positively charged ions move in opposite directions 
perpendicular to the plane formed by B and the direction of the magnetic field gradient or the 
plane in which B has curvature. Jackson [42] also shows that the motion of a charged particle 
in crossed electric and magnetic fields with the electric field E less that the magnetic field B is 
gyration around the magnetic field with a uniform drift at velocity u in the direction 
perpendicular to both the perpendicular electric and magnetic fields. 

A flow of ions from a BlackLight cell may be received at a plasma injection port of the 
charge drift power converter, or the plasma generating reaction may be within the converter. In 
both the case of the gradient field and the curved field, the thermal energy of the plasma is 
converted into electrical energy as the charged particles drift in crossed fields: an 
inhomogeneous magnetic field and an electric field perpendicular to the magnetic field. The 
ions move across the gradient or curved field due to the E x B drift velocity affected by the 
crossed fields [42]. The drifting negatively and positively charged ions move in opposite 
directions perpendicular to plane formed by B and the direction of the magnetic field gradient 
or the plane in which B has curvature. In each case, the separated ions generate a voltage at 
opposing capacitors that are parallel to the plane with a concomitant decrease of the thermal 
energy of the ions. The generated voltage has a corresponding electric field which is 
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perpendicular to the magnetic flux B having a perpendicular gradient or curvature. Thus, the 
energy is converted in crossed imposed magnetic and resultant electric fields. The magnetic 
flux B perpendicular to the electric field prevents the charges from flowing along the electric 
field and canceling it. 

High conversion efficiencies are possible. In the case that the magnetic field decreases 
by a factor of three across the transverse gradient, and the initial kinetic energy is primarily in 
the parallel direction, the efficiency may be 90% [39-40]. 

5.1.4. Post or Venetian Blind Direct Power Converter 

A Post or Venetian blind direct power converter described by Moir and Freis [43-44] 
comprises a magnetic mirror which is a source of a directional flow of ions from the 
BlackLight power cell as described for the mirror-MHD case. The Post converter further 
comprises an electrostatic collector which deflects electrons at a first set of negatively biased 
electrodes, then stops the positive ions at a series of positively biased electrodes to convert the 
axial kinetic energy into electrical energy. High efficiencies (e.g. 86 %) have been achieved 
[43]. 

In the plasma formed by the BlackLight Process, the electrons have greater energy than 
the positive ions. Thus, in the application of a Post direct converter to the BlackLight plasma, 
the positive ions are separated from the electrons at a first set of electrodes, and the energetic 
electrons are stopped at a second set of electrodes as the primary source of power conversion. 

The power produced by the BlackLight Process and the converted power may be 
matched such that a steady state of power production and power flow from the cell may be 
achieved. The rate of the hydrogen catalysis reaction may be controlled by controlling the total 
pressure, the atomic hydrogen pressure, the catalyst pressure, the particular catalyst, and the 
cell temperature. Very fast response times may be achieved by controlling the rate of reaction 
and plasma formation with an applied electric or magnetic field which influences the catalysis 
rate. Plasma and a direct converter can respond essentially instantaneously. Thus, 
unprecedented load following capability is possible. 

The plasma formed by the BlackLight Process shown in Figure 1 and a direct energy 
converter test-bed shown in Figure 2 have been tested independently. Current work is in 
progress on selecting the most commercially competitive option for converting the BlackLight 
Process generated plasma into electricity. 
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Figure 1. Plasma Generated by the BlackLight Process. 




5.2. Power Balance Analysis 



The commercial unit would comprise a 3-stage power generator. Stage 1 would be 
electrolysis to provide hydrogen fuel; stage 2-production of plasma in a gas cell; and stage 
3 — conversion of plasma to electricity. 

Using even relatively conservative assumptions for reaction yield and power density, a 
competitive power generation unit appears easily possible: (1) Production of about 100 times 
electrical power as electrolysis power; (2) Production of green emission (oxygen only) zero 
C0 2 emission; (3) No fossil-fuel combustion by-products; (4) Essentially no waste heat since 
the direct converter is not a heat engine; (5) Tremendously more efficient at energy conversion 
to electricity; and (5) Projected to dominate the home and microdistributed markets. 

5.3. Comparison with Competing Microdistributed Technologies 

The Company's process may start with water as the hydrogen source and convert it to 
HHCs; whereas, fuel cells typically require a hydrocarbon fuel and an expensive reformer to 
convert hydrocarbons to hydrogen and carbon dioxide. The Company's plasma to electric 
conversion technology with no reformer, no fuel cost, creation of a valuable chemical by- 
product, and significantly lower capital costs and O&M costs are anticipated to result in 
household units that are competitive with central power and significantly superior to competing 
microdistributed power technology such as fuel cells and micro combustion turbines. With a 
focus on large scale production of microdistributed devices, the Company anticipates rapid 
penetration of the electricity energy market. In this case, the Company plans to form strategic 
alliances with component manufacturers, systems assemblers, and service companies to 
provide power for consumers with units under lease or by sale. The service companies may be 
utilities. Other services or utility companies such as water, gas, telephone, cable, plumbing, 
and HVAC companies are also potential partners. The Company may have its plasma-electric 
power cell manufactured under contract or license. Alternatively, the Company may 
manufacture the units itself. 
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Table 3. Economics of International 
Fuel Cells C rp. 



Basis: Installed Cost < $l,000/kW DOE Credit— $3,000 kW 

Capital Recovery Factor — 12% 

Annual Load Factor — 95% (8,322 hrs of operation) 

Electric Efficiency (higher heating value)— 36% 

Heat Rate— 9,480 Btu / kWh 

Waste Heat Recovery as Hot Water 

(Equivalent to 875,000 Btu/hr of fuel input at 80% efficiency) 
Implicit Overall Thermal Efficiency— 82% 
Natural Gas Cost— $3.50 / million Btu 



Cents/kWh 

Capital Charges 4.3 

Fuel 3.3 

O&M 2.0* 

Subtotal 9.6 

Hot Water Credit -1.5 

Net Power Cost 8.1 



* Includes $600/kW overhaul costs every six years 



Some of the competitive advantages of BlackLight Power generation over- the 
competing microdistributed technologies fuel cells and micro combustion turbines are no, fuel 
costs, no fuel handling issues nor pollution, not a heat engine and not electrochemical, no 
reformer, solid state device, chemically-generated plasma with proven microwave technology, 
linearly scalable, cost competitive (lower capital and O&M costs), long product lifetime, 
appliance-like, load following, no grid connection (gas or electric for fuel or load leveling), 
high 9's power capability, closed system, and valuable solid chemical by-product. 

With strategic alliances, the Company plans to develop, manufacture, and market a unit 
of approximately twenty five kilowatt electric (25 kWe) which is a desirable size for a modular 
uninterruptable power supply for the premium power market. 25 kWe is also capable of 
providing for the total power requirements of a single family residence or a light commercial 
load. The potential advantages of the Company's power system compared to fuel cells are (1) 
zero fuel costs, (2) capital and O&M costs that are 10% that of fuel cells, and (3) valuable 
chemicals are produced rather than pollutants such as carbon dioxide. Thereby, the cost per 
kilowatt of electric generated by the Company's plasma-electric power cell is projected to be 
about 10% of that of a fuel cell. In addition, an energy consumer may also derive revenue by 
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selling power back onto the distribution system when the full capacity of the system is not 
required by such consumer. 

The components required to produce a BlackLight power system such as a vacuum 
vessel and magnets are mass manufacturable. For implementation in the third world and 
acquisition of market share in the first world, the plasma-electric cell requires essentially no 
fuel and fuel distribution infrastructure, no regional or on-site pipelines, no utility connection 
(gas or electrical), no electric lines, and no specialized or centralized manufacturing expertise. 
In each category, competing technologies are at a competitive disadvantage which could 
prevent broad adoption even if they were viable based on logistics and costs. 

Fuel cells are not cost competitive with BlackLight technology. The cost of electricity 
with a molten carbonate fuel cell which has a much lower capital cost compared to a proton 
exchange membrane fuel (PEM) is given in Table 3. The projected capital cost for a 
BlackLight 5 — 25 kW plasma-electric system is about $25/kW based on Freis' projections for a 
Post converter [43] which is comparable to projections for a gyrotron system [6]. A mirror 
MHD system is projected to be less than that of a Post converter. 

Also with strategic alliances, the Company further plans to develop, manufacture, and 
market a unit of approximately 1 MWe. One to ten of these units should provide the total 
power load requirements of a central power grid substation. The potential advantages of the 
Company's power system compared to central power are the same as with plasma-electric 
power cell. The cost per kilowatt of electric generated by the Company's plasma-electric 
power cell is projected to be about 20% of that of central power (see Table 2). With the 
installation of substation units, light commercial, and residential units, all components of the 
present central power generation infrastructure upstream from the substation may be 
eliminated. Some infrastructure components that may be eliminated by the Company's 
technology with associated cost savings are: (1) high voltage transformers, (2) high voltage 
transmission lines, and (3) central power plants, including their associated turbines, fuel and 
pollution handling systems, ash, pollution, coal trains, coal mines, gas pipelines, gas fields, 
super tankers, oil fields, nuclear power plants, uranium processing plants, and uranium mines. 

5.4. Motive Power — Plasma-Electric and Battery 

The capital cost for BlackLight power for motive power are comparable to the cost of 
an automotive internal combustion engine. Whereas, fuel cells are two orders of magnitude too 
expensive and require trillions of dollars to be invested in a hydrocarbon to hydrogen refueling 
system. In contrast, a motive power plant based on BlackLight technology uses water as the 
fuel and requires no infrastructure. The Company is considering several promising options to 

22 



commercialize its process in the motive power market. In addition to stationary power, the 
plasma-electric system may be used for motive power. The Company is also developing a high 
voltage battery which may power an electric vehicle. 

5.6. Conclusion 

The BlackLight Process has potentially very broad applications including: electrical 
power generation, space and process heating, motive power, and production of HHCs. 

The technology generates plasma and heat from hydrogen, which may be obtained from 
ordinary water. The implications of this development could be significant. If the technology 
becomes proven, then the energy from this process could possibly be used to cleanly and 
cheaply meet the world's demand for thermal, chemical, and mechanical energy as well as 
electricity. Over time, it may be possible to replace or retrofit coal-fired, gas-fired, and oil- 
fired electric power plants. This would help to abate global warming and air and water 
pollution. Moreover, it may be possible to replace or retrofit some of the world's nuclear 
power plants. With BlackLight technology, an opportunity exists to dramatically reduce the 
complexity and the cost of the generation station, which includes fuel handling, thermal 
generation, thermal to electrical conversion, pollution abatement and spent fuel disposal or 
storage systems. 

The Company is focusing on possible electrical and heating applications for its 
technology including a fit with a converter to make electricity. Electrical power generation 
with the Company's plasma-electric power technology may represent a major opportunity to 
use a microdistributed system to replace existing infrastructure at considerable savings in 
capital and generation costs. Residential/light commercial units, substation units, and a low 
voltage local distribution system could replace the central power based current system. 
Adaptation of the Company's technology is facilitated by the deregulation of the utility industry 
and the demand for autonomous microdistributed power in developing countries. 
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H [^]-f H [^]-.H[^] + H[^] + 27.2eV, (46) 
H [^] + H[^]^H + + e- + H[^] + 13.6eV, 



(47) 



H [21] + H ] - H + + e- + H [^] + 40.8 eV, 



(48) 



H + H [^] - HM + H [^] + 81.6 eV, (49) 
H [*i ] + H [ffi] - H [2L] + H + + e" + 95.2 eV, 



(50) 

H [y] +H ] - H [S] +H [^]+ 108.8 eV. (51) 
H [a] + H [^] - H [2f ] + Hfo,] + 1 22.4 eV, (52) 
H [2L] + H [^] - H + H [S] + ,49.6 eV, 

(53) 

wherein peaks inelastically scattered by helium are given by 
photon (Av)-hHe (Is 2 ) 

+ photon (Av- 21.21 eV). 



HeUs^p 1 ) 



All other peaks besides those assigned to lower-en; 
hydrogen transitions could be assigned to He 1 (e.0S2£ f 
537, 591, 602, 625, 628, 639, 641, 645 A), He II (a% 
in figures), second-order lines (608, 615, 886, 10£ 
1 135, 1 164, 1245 A), or atomic (e.g. 1216, I0§6, i 





or 



molecular hydrogen (e.g. 907, 918, 106^jp i^miSsion 
[47,48]. No known lines of helium or J^dro^B^?pain the 
?13.6 eV related set of peaks. Gr^^trw^ese^pectra are 
readily repeatable, these peaks |pyr«e tfeen overlooked 
in the past without considering the PJe of the helium 
scattering. The 633 A pe^ whic^ittrfe from the helium 
scattered 304 A peakf|has Significant astrophysical 
importance as discuss%^n t^^^tifjcation of lower-energy 
15 hydrogen by soi^^^||^flrorh dark interstellar medium 
section. 4^ % 

'% '% "' 

17 3.2. Identificaiiqniof lower-energy hydrogen by soft 
X-rays from dark interstellar medium 

19 3.2 J. Dark matter 

The universe is predominantly comprised of hydrogen 
21 and a small amount of helium. These elements exist in in- 
23 ter stellar regions of space, and they are expected to com- 



prise the majority of interstellar matter. However, the ob- 
served constant angular velocity of many galaxies as the 25 
distance from the luminous galactic center increases can 
only be accounted for by the existence of nonluminous 27 
weakly interacting matter, dark matter. Dark matter ex- 
ists at the cold fringes of galaxies and in cold interstellar 29 
space. It may account for the majority of the universal 
mass. 3 1 

The identity of dark matter has been a cosmological 
mystery. Postulated assignments include x neutrinos, but 33 
a detailed search for signature emissions has yielded nil 
[49], The search for signatures by the cryogenic dark 35 
matter search (CDMS) developed to detect theorized 
weakly interacting massive particles (WlMPs^fias simi- 37 
larly yielded nil [50,51]. WIMP theory's main^rrtj>etitor 
known as MACHO theory which assigD^f£i^d&% A mat- 39 
ter to massive compact halo objects ({^ACH@fe) which 
rather than elusive subatomic par^les^^rnpnses ordi- 41 
nary baryonic matter in the fo^rfi ol^urneoVout dark 
stars, stray planets, and other lafje, heaSfy, but dark ob- 43 
jects that must be ubiqujt^'^hfo^libut the universe. 
However, MACHO theory^ ha# also recently been ruled 45 
out based on lack o£:evkJehc*,of these dark objects ob- 
servable by the brief ellipses caused by them moving .47 
in front of distant stars: . Only a few such objects have 
been observed^ "after exhaustively searching for over five 49 
years [50,52^ % 

It is^™ticij3atedv that the emission spectrum of the ex- 51 
trerrt^Itraviolet Background of interstellar matter possesses 
tKe^s^OTal^signarure of dark matter. Labov and Bowyer 53 

fifsk ■ i^^fi" .... . 

designed grazing incidence spectrometer to measure and 
recofcithe diffuse extreme ultraviolet background [53]. The 55 
instrument was carried aboard a sounding rocket, and data 
_^yere obtained between 80 and 650 A (data points approx- 57 
^imately every 1.5 A). Several lines including an intense 
635 A emission associated with dark matter were observed 59 
[53] which has considerable astrophysical importance as in- 
dicated by the authors: 61 
Regardless of the origin, the 635 A emission observed 
could be a major source of ionization. Reynolds ( 1 983- 63 
1985) has shown that diffuse Hot emission is ubiquitous 
throughout the Galaxy, and widespread sources of flux 65 
shortward of 912 A are required. Pulsar dispersion mea- 
sures (Reynolds, 1 989) indicate a high scale height for 67 
the associated ionized material. Since the path length 
for radiation shortward of 91 2 A is low, this implies that 69 
the ionizing source must also have a large scale height 
and be widespread. Transient heating appears unlikely, 71 
and the steady-state ionization rate is more than can be 
provided by cosmic rays, the soft X-ray background, 73 
B stars, or hot white dwarfs (Reynolds, 1986; Brush- 
weiler and Cheng, 1988). Sciama (1990) and Salucci 75 
and Sciama (1990) have argued that a variety of ob- 
servations can be explained by the presence of dark 77 
matter in the galaxy which decays with the emission of 
radiation below 912 A. ^ 
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Fig. 13. The EUV spectnim (500-650 A) of the helium-hydrogen 
mixture (98/2%) discharge cell emission that was recorded with 
a 4° grazing incidence EUV spectrometer and a CEM. The pres- 
sure was maintained at 400 mTorr. An important astrophysical line 
was observed at 633 A corresponding to the 304 A lower-energy 
hydrogen transition line shown m Figs. 5, 6 and 8 and Table 1 
that was tnelasticalry scattered by helium atoms wherein 21.2 eV 
(584 A) was absorbed in the excitation of He (Is 2 ). 
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Fig. 1 4. The EUV spectrum ^80- 1 2$$ A) of the helium-hydrogen 
mixture (98/2%) micro^gye^|I eniSsion that was recorded with 
a normal inddence^Uv^^^&oln® and a CEM. The pressure 
was maintained al 20%fOTr^^mission line was observed at 91 2 A 
with an energy 6% i%eV where q- 1 which was identified in 
Table I as hydroger^l^ansitions to electronic energy levels below 
the "ground" state corresponding to fractional quantum numbers 
based on the 9 1 2 A J line intensity relative to Lfi compared to that 
of the control hydrogen plasma. 



the ratio of the LP peak to the 912 A peak of the control 
hydrogen plasma shown in Fig. 15, was 8 which indicates 
that the majority of the 912 A peak was due to a transition 



Fig. 15. The EUV spectrum (800-l050^))pf^^»ttibT hydrogen 
microwave discharge cell emission (hat was recorded with a normal 
incidence EUV spectrometer and a CEM- 



other than the binding^of an electron by a pTOton. Based on 
the intensity, it is pr^osed that the majority of the 912 A 5 
peak shown in Fig. l$^jas due to the | — * J and £ — + | 
transitions giverjtiri Table 7 

The energies for the hydrogen transitions given in 
Table ^in"%ieiJSf energy are 13.6, 27.2, 40.8, 54.4, 9 
81.6^5J^ loMf 122.4 and 149.6 eV. The correspond- 
ia&p^ zrifo)!, 456, 304 A with 633, 374, 205, 130.3, 1 1 
s0%&5, mJo, and 82.9 A, respectively. Thus, the lines 
identified in Figs. 7-10 and 12-14 as hydrogen tran- 13 
sit ions to electronic energy levels below the "ground" 
Jfcte corresponding to fractional quantum numbers corre- 15 
spond to energies of q 1 3.6 eV where q — 1 , 2, 3, 4, 6, 7, 8, 9, 
or II or these lines inelastically scattered by helium 1 7 
atoms wherein 21.2eV was absorbed in the excitation 
of He (Is 2 ) to He(ls , 2p 1 ). The absence of the se- 19 
ries members corresponding to q = 5 and 10 may be 
due to a slow reaction rate due to selection rules, low 21 
cross-section, or low relative reactant concentrations 
with only one dominant reaction pathway given by Eqs. 23 
(21) and (33), respectively. For example, the data is 
consistent with the reaction given by Eq. (22) which 25 
gives rise to the helium-scattered peak at 205 A being 
favored over that given by Eq. (21) corresponding to 27 
q = 5. And, the reaction cross-section and concentration 
of H[<7h/6] required in the case of the reaction given by 29 
Eq. (33) corresponding to q— 10 may have been relatively 
lower. 31 

The disproportionation reaction assignments given in Ta- 
ble 1 start with the product of the catalysis of atomic hydro- 33 
gen by He + given by Eqs. (5)- (7). One cascade of reactions 
which gives rise to the peaks assigned in Table 1 is 35 

(45) 



H[fl H ]^H [y j + 54.4 + 54.4 eV, 
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Wavelength/A 

Fig. 10. The EUV spectnim (100-650 A) of the helium-hydrogen 
mixture (98/2%) microwave cell emission that was recorded with 
a normal incidence EUV spectrometer and a CEM. The pressure 
was maintained at 20 and 760 Ton* for the top and bottom curves, 
respectively. The lines that corresponded to hydrogen transitions to 
lower electronic energy levels appeared more intense at the lower 
pressure. 
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Fig. 1 1 . The short-wavelength ElXVj 
control hydrogen microwave cell 
a normal incidence EUV s\ 
was maintained at I 
this region, and no ins 



-600 A) of the 
recorded with 
The pressure 
ion was observed in 
observed. 



tnim (50^460 A|^Pfi^in>-hydrogen mixture (98/2%) 
microwave xel I e^nis^bp with a pressure of I Ton is shown 
in Fig. 1 2. The pla&fjta was the brightest and had an increased 
background at this condition which is demonstrated by com- 
parison with the control plasma recorded at the same detector 
sensitivity. At the 1 Torr condition, additional novel peaks 
were observed in the short-wavelength region. Peaks ob- 
served at 82.9, 101.3, 130.3, and 141.5 A which do not cor- 
respond to helium were assigned to lower-energy hydrogen 
transitions in Table I. It is also proposed that the 304 A peak 




100 200 300 400 

Wavelength/A 

Fig. 12. The short-wavelength EUV spectrum (50£460 7£> of the 
helium-hydrogen mixture (98/2%) microwave; cell (Emission that 
was recorded with a normal incidence EUV"s]^trop)eter and a 
CEM. The pressure was maintained atj^foffe Reproducible novel 
emission lines were observed at 456, 3&, 1303£lOI.3, and 82.9 A 
with energies of gl3.6 eV where,^ = 2f ^ or 1 1 and at 374, 
205, and 141.5 A with energies^bf .03.6 > eV ' where g-4, 6, or 8 
that were inelastically scattered by helium atoms wherein 21.2 eV 
(584 A) was abscfrbed^^'tri^: excitation of He (Is 2 ). These lines 
were identified in Tam^.l/.as hydrogen transitions to electronic 
energy levels below the u grounoT state corresponding to fractional 
quantum numbetSg^ 



showjt irfejftgs. Wi 0 and 1 2 was not entirely due to the He II 11 
transittrj^ Conspicuously absent was the 256 A (48.3 eV) 

i lin^pf He? : ff shown in Figs. 6 and 8 which implies only a 1 3 
mino%]He II transition contribution to the 304 A peak. 
^ The EUV spectrum (500-650 A ) of the helium-hydrogen 1 5 

^mixture (98/2%) discharge cell emission is shown in 
Fig. 13. It is proposed that the 633 A peak shown in Fig. 17 
13 arises from inelastic helium scattering of the 304 A 
peak. That is, the 5 -+ \ transition yields a 40.8 eV pho- 19 
ton (304 A). AVhen this photon strikes He (Is 2 ), 21.2 eV 
is absorbed in the excitation to He (Is^p 1 ). This leaves 21 
a 19.6 eV (633 A) photon and a 21.2 eV (584 A) photon 
from He(Is , 2p l ). The intensity of the 584 A shown in 23 
Fig. 13 is off-scale with 56.771 photons s" 1 . Thus, the 
transition He ( 1 s 2 ) — ♦ He ( 1 s 1 2p ! ) dominated the inelastic 25 
scattering of EUV peaks. For the first nine peaks assigned 
as lower-energy hydrogen transitions or such transitions 27 
inelastically scattered by helium, the agreement between 
the predicted values and the experimental values shown in 29 
Table 1 is remarkable. It is also remarkable that the hy- 
drino lines are moderately intense based on the low grating 3 1 
efficiency at these short wavelengths. 

The EUV spectrum (880-1250 A) of the helium- 33 
hydrogen mixture (98/2%) microwave ceil emission is 
shown in Fig. 14. The EUV spectrum (800-1050 A) of 35 
the control hydrogen microwave cell emission is shown in 
Fig. 15. The ratio of the LP peak to the 912 A peak of the 37 
helium-hydrogen plasma shown in Fig. 14 was 2; whereas, 
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Fig. 7. The EUV spectra { 150-650 A) of the helium-hydrogen 
mixture (98/2%) microwave cell emission that was recorded at 
1 , 24, and 72 h with a normal incidence EUV spectrometer and 
a CEM The pressure was maintained at 20Torr. Reproducible 
novel emission lines that increased with time were observed at 
456 and 304 A with energies of ?I3.6eV where q — 2 or 3 and 
at 374 and 205 A with energies of q 1 3.6 e V where q = 4 or 6 
that were inelastically scattered by helium atoms wherein 2 1 .2 eV 
(584 A) was absorbed in the excitation of He (Is 2 ). These lines 
were identified in Table I as hydrogen transitions to electronic 
energy levels below the "ground" state corresponding to fractional 
quantum numbers. 



the spectrum with helium alone had very low intensity at the 
short wavelengths below 584 A; whereas, the plasma of the^S? 
helium-hydrogen mixture (98/2%) was much more intern 
and was obtained on the normal incidence monochron 
The EUV spectra (190-500 A) of the helium-h^ 
mixture (98/2%) (top curve) and control helru 
curve) microwave discharge cell emission*^ sfl 



300 350 400 

Wavelength/A 

Fig. 8. The EUV spectra (190-500 A)^..t^.lwliux^hydrogen 
mixture (98/2%) (top curve) and corj^?KehjmV{ bottom curve) 
microwave discharge cell emission tht|were recorded with a nor- 
mal incidence and a 4 grazing^ spectrometer, re- 
spectively, and a CEM. The^BBes ^^corresponded to hydrogen 
transitions to lower electgnic , 'e&rgy levels were not observed in 
the helium control. 



Fig. 8. The lines that corresponded to 
to lower electronic energy levels were^ 
helium control 

Neon has peaks at 456.35 



the possibility that the 456 A 




ns 
in the 




eliminate 
in Fig. 8 was 

due to the presence of neor^as alS^ppiMty, the EUV spec- 
tra (250-500 A) of the hSrum-^dfogen mixture (98/2%) 
(top curve) and control ^^n-rj^crrogen mixture (98/2%) 
(bottom curve) nwcrow^Lye^^Tslcharge cell emission were 
recorded with a nb^bFTftCklence EUV spectrometer and a 
CEM as shown^n^ig^g. The lines that corresponded to hy- 
drogen trariSJjions Slower electronic energy levels were not 
observed in tfifeBjbh-hydrogen control, and a series of Ne 
II lines were observed only in the control. The neon peaks 
at 456.35 and 455,27 A were resolved in Fig. 9; whereas, 
the 456 A peak in the helium-hydrogen plasma was about 
30 A broad. Thus, it was not due to neon impurity. 

The pressure was increased from 20 to 760 Torr, and 
the corresponding spectra were compared in Fig. 10. The 



250 300 360 400 450 500 

Wavelength/A 

Fig. 9. The EUV spectra (250-500 A) of the helium-hydrogen 
mixture (98/2%) (top curve) and control neon-hydrogen mixture 
(98/2%) (bottom curve) microwave discharge cell emission that 
were recorded with a normal incidence EUV spectrometer and a 
CEM. The lines that corresponded to hydrogen transitions to lower 
electronic energy levels were not observed in the neon-hydrogen 
control, and a series of Ne II lines were observed only m the control. 



peaks appeared slightly more intense at the lower pressure; 
so, the pressure was decreased to 1 Torr and spectra were 
recorded. The short-wavelength EUV spectrum (50-600 A) 
of the control hydrogen microwave discharge cell emission 
is shown in Fig. 1 1. No spectrometer artifacts were observed 
at the short wavelengths. The short- wavelength EUV spec- 
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Fig. 4. The EUV spectrum (200-1250 A) of the control hydrogen 
discharge cell emission that was recorded with a normal incidence 
EUV spectrometer and a CEM. No emission was observed below 
800 A. 
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Fig. 5. The EUV spectra (200-645 A) of the cqnt^%^ij^ (top 
curve), control xenon-hydrogen mixture (98/2%) (middle curve), 
and control xenon (bottom curve) discharge. ceil emissicgi that were 
recorded with a 4 grazing incidencftvEU^r^spe^cWmeter and a 
CEM. No peaks were observed in this, region? from xenon alone 
or with the addition of hydrogen^ No^.msuiament artifacts were 
observed. 
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the steel ctoss provided a gas inlet and a connection with the 
pumping system, and the cell was pumped with a mechani- 
cal pump. Valves were between the cell and the mechanical 
pump, the eel! and the monochromator, and the monochro- 
mator and its turbo pump. The five-way cross was pressur- 
ized with 400 mTorr of gas which was maintained by flow- 
ing the gas while monitoring the pressure with a 1 Torr MKS 
Baratron absolute pressure gauge. The EUV spectrometer 
was a 4° grazing incidence EUV spectrometer except for an 
additional hydrogen alone plasma which was recorded wiuW 
a normal incidence monochromator (see Section 2. 1 )^cU- i ' 



3. Results and discussion 



13 3.1. EUV spectroscopy 



jmicTowave and 
1mm, and xenon, 



The EUV emission was recoi 
glow discharge plasmas of hytfogen, 
and helium, neon, and xera^w1|^2^hydrogen over the 
wavelength range 50-l^A. ^e 6lJV spectrum (200- 
1250 A) of the conu^ n^^D^ discharge cell emission 
is shown in Fig. |j^Tlie^o$6^n glow discharge and mi- 
crowave dischMe^SSs^^recorded with the normal inci- 
dence monochro^tetaod the 4° grazing EUV spectrometer 
were the saS^e. Tfe^EUV spectra (200-645 A) of the con- 
trol hydrogen j^pfcurve), control xenon-hydrogen mixture 
(98/2%) (middle curve), and control xenon (bottom curve) 
discharge cell emission are shown in Fig. 5. No peaks were 
observed in this region from xenon alone or with the ad- 
dition of hydrogen. Thus, xenon did not catalyze hydrogen 
to give novel peaks, and no spurious peaks or artifacts due 
to the grating or the spectrometer were observed. The EUV 




200 300 400 500 600 

Wavelength/A 

Fig. 6. The EUV spectrum (200-650 A) of the control helium 
microwave discharge cell emission that was recorded with a 4° 
grazing incidence EUV spectrometer and a CEM. Only known He 
I and He U peaks were observed. 



spectrum (200-650 A) of the control helium microwave cell 
emission is shown in Fig. 6. Only known He I and He II 
peaks were observed. 

The EUV spectrum (150-650 A) of the helium-hydrogen 
mixture (98/2%) microwave cell emission that was recorded 
at 1 , 24, and 72 h is shown in Fig. 7. Ordinary hydrogen has 
no emission in these regions as shown in Fig. 4. Peaks ob- 
served at 205, 374 and 456 A which do not correspond to he- 
lium and increase with time were assigned to Jower-energy 
hydrogen transitions in Table 1 . A control helium was ob- 
tained with the 4 grazing incidence EUV spectrometer since 
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Fig. I . The experimental set up comprising a microwave disc^arg^as ceg light source and an EUV spectrometer which was differentially 
pumped. - 




catode 




Fig. 2. Cross-sectional view of the discharge cell. 



Fig. 3. The experimental set up comprising a discharge gas cell light 
source and an EUV spectrometer which was differentially pumped. 



with the cell. It had a small hole that permitted radiation 
to pass to the spectrometer. An AC power supply (U = 0- 
1 kV, 7 =0-1 00 mA) was connected to the hollow cath- 
ode to generate a discharge. The AC voltage and current at 
the time the EUV spectrum was recorded were 200 V and 
40 mA, respectively. A Swagelok adapter at the very end of 
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We report that extreme ultraviolet (EUV) spectroscopy 
was recorded on microwave and glow discharges of he- 
3 lium with 2% hydrogen. Novel emission iines were observed 
with energies of ?13.6eV where q~ 1,2,3,4,6,7,8,9, or 
5 1 1 or these lines inelastically scattered by helium atoms 
wherein 21.2 eV was absorbed in the excitation of He(ls 2 ) 
J to He ( I s 1 2p J ). These lines were identified as hydrogen tran- 
sitions to electronic energy levels below the "ground" state 
9 corresponding to fractional quantum numbers. A compari- 
son was made between the plasma results and astrophysicaJ 
J 1 data. Similar lower-energy-hydrogen transitions were found 
that matched the spectral lines of the extreme ultraviolet 



background of interstellar space and solar iines. 



To achieve higher sensitivity at the shorter EUV wave- 
lengths, the light emission of control microwave plasmas of 55 
hydrogen alone, helium alone, and glow discharge plasmas 
of hydrogen, xenon, helium-hydrogen mixture (98/2%), 57 
and xenon-hydrogen mixture (98/2%) were recorded with a 
McPherson 4° grazing incidence EUV spectrometer (Model 59 
248/3 10G) equipped with a grating having 600 G/mm with 
a radius of curvature of % 1 m. The angle of incidence was 61 
87 The wavelength region covered by the monochromator 
was 50-650 A. The wavelength resolution was about 0.4 A 63 
(FWHM) with an entrance and exit slit width of 300 urn. 
A CEM at 2400 V was used to detect the EUV light. The 65 
increment was J A and the dwell lime was I s. 



2. Experimental 

15 2.L EUV spectroscopy 



2.2. Microwave emission spectra 
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Extreme ultraviolet (EUV) spectroscopy was recorded on 
microwave and discharge cell light sources. Due to the ex- 
tremely short wavelength of this radiation, "transparent" op- 
tics do not exist. Therefore, a window less arrangement was 
used wherein the microwave or discharge cell was connected 
to the same vacuum vessel as the grating and detectors of the 
extreme ultraviolet (EUV) spectrometer. Differential pump- 
ing permitted a high pressure in the cell as compared to that 
in the spectrometer This was achieved by pumping on the 
cell outlet and pumping on the grating side of the collimator 
that served as a pin-hole inlet to the optics. The spectrome- 
ter was continuously evacuated to 10~ 4 -10~ 6 Torr by a tur- 
bomolecular pump with the pressure read by a cold cathode 
pressure gauge. The EUV spectrometer was connected to^ 
the cell light source with a 1 .5 mm x 5 mm collimator whic^ 
provided a light path to the slits of the EUV spectrorrj^er^ 
The collimator also served as a flow constrictor of is ^ 
the cell. The cell was operated under gas How.i 
while maintaining a constant. gas pressure in J 

Spectra were obtained on hydrogen, heliuftffigmi xenon 
(not a catalyst in this system) and migjS?|kyf^&L hydro- 
gen with helium, neon, or xenon. The^M^i^hydrogen 
mixtures (98/2%) were made from^^^tourity gases by 
addition of hydrogen to the no||e gas% achieve a 98/2% 
mixture based on the indivKjoal ^sjjaflial pressures. 

For spectral measurer^trthe, J^hT emission from mi- 
crowave plasmas o^^o^enpalone, helium-hydrogen 
(98/2%), and ne ^^^^C^ 8 / 2 %X and light emission 
from a discharge r^^SS^ilrydrogen alone were introduced 
to a normal i'r^eSc^ McPherson 0.2 meter monochro- 
mator (Mo%J 30^ISeya-Namioka type) equipped with a 
1200 lines/m^bolfegraphic grating with a platinum coat- 
ing. The wavelength region covered by the monochromator 
was 50-5600 A. The EUV spectrum was recorded with a 
channel electron multiplier (CEM) at 2500-3000 V. The 
wavelength resolution was about 0.2 A (FWHM) with an 
entrance and exit slit width of 50 urn. The increment was 
2 A and the dwell time was 500 ms. 




The experimental set up comprising fenicrowave dis- 
charge gas cell light source an<ka%|pfe^trometer 69 
which was differentially pumped|is sho*& in Fig. 1. Ex- 
treme ultraviolet emission spectra wei;ej objtained on plasmas 71 
of hydrogen alone, heliun£aW mix- 
ture (98/2%), and neori^hy^^eri" mixture (98/2%) with 73 
a microwave discharge syjstentrand an EUV spectrometer. 
The microwave generator was a Opthos model MPG-4M 75 
generator (Frequency: 2450 MHz). The output power was 
set at 85 ; Helium-hydrogen (98/2%) gas mixture was 77 
flowed Arougri a half- inch diameter quartz tube at 1 , 20, or 
760 Torr. The gas- pressure inside the cell was maintained 79 
b^flbwuig the mixture while monitoring the pressure with 
#^£9 and 1 p00 Torr MKS Baratron absolute pressure gauge. 8 1 
I Bjr'tbe same method, hydrogen alone plasmas were run 
at 1 arid 20 Torr, and plasmas of helium alone and neon- 83 
^rdrogen mixture (98/2%) were run at 20 Torr. The tube 
Swas fitted with an Opthos coaxial microwave cavity (Even- 85 
son cavity). The EUV spectrometer was a normal incidence 
monochromator except for the helium alone plasma and an 87 
additional hydrogen alone plasma which were recorded with 
a 4 grazing incidence EUV spectrometer ( see Section 2. 1 ). 

89 

2.3. Glow discharge emission spectra 

A diagram of the discharge plasma source is given in 91 
Fig. 2. The hollow cathode and EUV spectrograph were 
aligned on a common optical axis using a laser. The experi- 93 
mental setup for the discharge measurements is illustrated in 
Fig. 3. Extreme ultraviolet emission spectra were obtained 95 
on plasmas of hydrogen, xenon, helium-hydrogen mixture 
(98/2%), and xenon-hydrogen mixture (98/2%) with a gas 97 
discharge cell that comprised a five-way stainless-steel cross 
that served as the anode with a hollow stainless-steel cath- 99 
ode. The plasma was generated at the hollow cathode inside 
the discharge cell. The hollow cathode was constructed of 101 
a stainless-steel rod inserted into a steel tube, and this as- 
sembly was inserted into an alumina tube. A flange opposite 1 03 
the end of (he hollow cathode connected the spectrometer 
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Table. I ( continued). 






Observed 
line 

(A) 


Predicted 

(Mills) 

(A) 


Assignment Equation 
(Mills) no. 


Figures 


912 


912 


H[3M + H [ a f] ^H[^] +H + +e" + 13.6eV, (15) 
H [J*] + H [^] - H [a] + H[flH] + 13.6 eV, (29) 


14 


912 


912 


H + +e" — H[<?h]+ 13.6 eV d . 


15 



a Weak shoulder on the 141.5 A peak. 

b ln Figs. 7-10, and 12, the peak corresponding to He + (n = 3) 
assignment difficult. 

c T"he intensity which is off-scale in Fig. 13 as 56,771 photons/s; thus, the transition He (Is 2 ) 
scattering of EUV peaks. 

d The ratio of the Lfi peak to the 912 A peak of the helium-hydrogen plasma shown in Fig. 14 was 2; whereas, the ratigt-O/ trap;/ 
to the 912 A peak of the control hydrogen plasma shown in Fig. 15, was 8 which makes this assignment difficult. 0^^^. 



He + (n = 1 ) + 48.35 eV (256 A) was absent which makes this 
He ( 1 s 1 2p' ) dominated tbe£melastic 
peak 



For he! rum, the inelastic scattered peak of 40.8 eV photons 
from Eq. (19) is given by 



£ = 40.8-21.21 eV = 19.59eV (633 A). 



(39) 



For helium, the inelastic scattered peak of 68 eV photons 
from Eq. (21) is given by 



£ = 68-21.21 eV = 46.79 eV (265 A). 



(40) 



For helium, the inelastic scattered peak of 81.6 eV photons 
from Eqs. (22) and (24) is given by 



£=81.6-21.21 eV = 60.39 eV (205 A). 



(41) 



For helium, the inelastic scattered peak of 95.2 eV photon|| 
from Eqs. (27) and (30) is given by ..<&■ 

£ = 95.2-21.21 eV = 73.99 eV (167.6 A). 



WW 



For helium, the inelastic scattered peak of \09& 
from Eqs. (17), (23), (26), and (31 ) isje%tf 

£=108.8-21.21 eV = 87.59 eV 



11 7.5. EUV spectroscopy 



Previously report 
Niedertemperamr^l 
could be assignbd 
lower-enef&t level 





-energy hydrogen 



served at the Institut fur 
^sik e.V. by EUV spectroscopy 
transitions of atomic hydrogen to 
corresponding to hydrinos and the 
emission frbr^jM excitation of the corresponding hy- 
dride ions [14]. for example, the product of the catalysis 
of atomic hydrogen with potassium metal, H[<th/4], may 
serve as both a catalyst and a reactant to form H[<7h/3] and 
H[£7 H /6]. The transition of H[<7 H /4] to H[<7 H /6] induced by 
a multipole resonance transfer of (54.4 eV) (2 x 27.2 eV) 
and a transfer of 40.8 eV with a resonance state of H[r/H/3J 



excited in H[(7»/4] is represented by 

h [t) +h 1t]- h [^^^ 176 - 8cV - 

(44) 

The predicted 176.8^^70.2^ photon is a close match 25 
with the observed 73iO$ line. The energy of this line 
emission corresponds to an equivalent temperature of 27 
1 , 000, 000?C and an energy over 100 times the energy of 
combustion 6fj hydrogen. 29 

SinlejJSe sun arid stars contain significant amounts of He + 
and atormc My3rogen, catalysis of atomic hydrogen by He + 3 1 
#as?given By Eqs. (5)- (7) may occur. Also, the simultane- 
? ous ionization of two hydrogen atoms may provide a net en- 33 

thalpy given by Eq. (4) to catalyze hydrino formation. Once 
, r jformed, hydrinos have binding energies given by Eqs. (2a) 35 
' "and (3); thus, they may serve as reactants which provide 
a net enthalpy of reaction given by Eq. (4). Characteris- 37 
tic emissions from the Sun corresponding to these reactions 
may be observed, and stellar production may be a source of 39 
hydrinos in interstellar space where further transitions may 
occur with corresponding emission of characteristic EUV 41 
lines. 

The detection of atomic hydrogen in fractional quantum 43 
energy levels below the traditional "ground" state — hy- 
drinos — was previously reported [1,5] by the assignment 45 
of soft X-ray emissions from the interstellar medium, the 
Sun, and stellar flares, and by assignment of certain lines 47 
obtained by the far-infrared absolute spectrometer (F1RAS) 
on the cosmic background explorer. The detection of a new 49 
molecular species — the diatomic hydrino molecule — was 
reported by the assignment of certain infrared line emissions 5 1 
from the Sun. The detection of a new hydride species — 
hydrino hydride ion — was reported by the assignment of 53 
certain soft X-ray, ultraviolet (UV), and visible emissions 
from the Sun. This has implications for several unresolved 55 
astrophysical problems such as the identity of dark matter 
and the solar neutrino paradox. 57 
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Table 1 

Observed line emission from helium-hydrogen plasmas assigned to the disproportionation reactions given by Eqs. (9)-(l2) and helium 
inelastic scattered peaks of hydrogen transitions, wherein the photon strikes He ( Is 2 ) and 2 1 .2 eV is absorbed in the excitation to He ( Is 1 2p ! ) 



vDjCi vcu 

line 
(A) 


Predicted 
(Mills) 


Assignment 
(Mills) 


Fnuation 

no. 




82.9 


82.9 


H [2i] + H [20 — H f^] +H f^l + 149.6 eV, 

L 3 J l3J I 5 J I 2 J » 

H [2i] + H f^l — H f ^1 + H + + e~ + 149.6 eV, 

1 7 J ill l g J ' 


(25) 
(34) 


12 


1AI 1 




vi r fin 1 a. u r 1 . u r£u.i _l ur^.i • 1 ->j a »v 

I 1 J ^ \ — I 4 J *H"Hi ^ CV, 


(IS) 








H [21] + H [21] -4 H [21] + H + + e~ + 122.4 eV, 


(32) 




130.3 8 


1303 


H [J] + H [J] ^ H [21] + H + + e~ + 95.2 eV, 


(27) 








H [21] + H [2t] — » H [21] + H + + e~ + 95.2 eV, 


(30) 




141.5 


I41J 


H [J] + H [?I - H [?] + H+ + e ~ + 108 8 eV > 


(.7) ^ 








H [21] + He + — ► H [<*] + He 2 * + e~ + 108.8 eV, 










H [a] + H [21] — H [21] + H[a H J + 108.8 eV, 










H [21] + H [21] — H [21] + Hfo] + 108.8 eV, ^ 







205 



304 
304 

374 



456 

584 
633 

633 



205 



304 
304 

374 



108.8 eV + He (Is 2 ) — He (Is^p 1 ) — +87.5? ; eY^ 
H [21] + H [21] - H [21] + H[a») + 8^6^ 




633 



H[a„] + H [21] — > H [21] + H+ + e^^6c^ ? 
81.6 eV + He ( Is 2 ) — He (\s\$$g+ +6%9 eV, 
H [21] + H [2i] - H [^f?H+ + efr + 40.8 eV, 
He+ (n = 2) — He+^r* = h^$$ eV b , 

H[fl H J^H 5^4f 54.4 eV, 

H[^l -^W [21] + H + + e" + 54.4 eV, 

ft J%t#T ^ H [21] + H[o„J + 54.4 eV, 

I?*h [?] - h I 1 ?) + h [?i + 544 ev > 

si % V + He ( 1 s 2 ) He ( 1 s' 2p* ) -» +33. 1 9 e V, 
H [J] + H [21] - H [21] + H [21] + 27.2 eV, 
H [21] + H [21] - H [a J + H[<m] + 27.2 eV, 
He(Is , 2p , )-» He(ls 2 ) + 2I.2eV c , 
H [21] + H [21] - H [21] + H + + e" + 40.8 eV, 
40.8 e V -f He ( I s 2 ) — ► He ( 1 s' 2p ! ) — » + 1 9.59 e V, 
He + (* = 2) — He + (» = l) + 40.8eV b , 
40.8 eV 4- He ( 1 s 2 ) -> He ( Is 1 2p J ) — + 19.59 eV, 



&• (43) 
(22) 
(24) 
(41) 
(19) 

(5)-(7) 

(14) 

(20) 

(28) 

(37) 

(13) 

(16) 

(19) 
(39) 

(39) 



7, 8, 9, 10, 12 



7, 8, 9, 10, 12 
7, 8, 9, 10, 12 

7, 8, 9, 10, 12 



7, 8,9, 10, 12 

6, 7, 10, 13 
13 

13 
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1 and, the overall reaction is 



h[^] + hN-.h[^1 + h[-^--' 

UM [ p J L 1 J [{p + m) 
+ [2pm + m 2 -m /2 ]13.6+ 13.6 eV. 



(12) 



H [?] + H [?1 ~" H [?] + H[aHl + 108 8 CV> (26) 
H [2!] + H [^] _ H [^] + H + + e" + 95.2 eV, 



(27) 



Helium ion catalyzes H[oh] to H[a»/3] as shown in 
3 Eqs. (5)- (7). Further disproportionate reactions may then 
proceed 

H [y] +H [y]- ,H [T] +H [y] +27 - 2eV - (,3) 

H[fl H ] + H [y] ^ H [y ] + H + + e- + 54.4 eV, 



(28) 



H[ T ]+H[^]-H[^] + H[o„] + 13.6eV^ (29) 



(M) »[ T ] + H[f]-.H[|] + „ + + e-^^ 



H [21] + H [21] - H [^] + H + + e- + 13.6 eV, 



# (30) 



(15) 



„[2l] + „[ ? ]_ t H[|J^^08.8eV, (3.) 



H [f ] + H [f ] - H [21] + H[„„] + 27.2 eV, ( 16) 
H [21] + H [21] — ► H [y ] + H + + e~ + 108.8 eV, 



(32) 



(17) 



H [yk% 1 l +H lT] +H ^ +,36eV ' < 33 > 

H [y ]+ H + +e~ + 149.6 eV, 



H [y] + H [21] -» H [— J+HIOHJ+ 122.4 eV, (18) 4 
„ [21] + „ [21] _ „ [21] + „♦ + e - + 40.S eV^ ^J[_, + H [y] — > H [y ] + U M + ,63.2 eV. (35) 



(34) 



H [y] + H [y] - H [y]+Ht«„] + 54.^y: %) 
H + H [^] - H [^] 68 eV, (21 ) 



H [^] +H[^]- Hj^+.^S]> 81.6 eV, (22) 



1.4. 3. Inelastic scattering by atomic helium 

It is proposed that the photons that arise from hydrogen 7 
catalysis may undergo inelastic helium scattering. That is, 
the catalytic reaction 9 



H[tf H ]^ H [y] + 54i4 + 54.4 eV 



(36) 



H [^] +H e + ^ 




^He^ + e" + 108.8 eV, 



(23) 



yields two 54.4 eV photons (228 A). When each of these 
photons strikes He ( Is 2 ), 21.2 eV is absorbed in the excita- 
tion to He (Is^p 1 ). This leaves a 33.19 eV (374 A) photon 
peak shown in Table 1 . Thus, for helium the inelastic scat- 
tered peak of 54.4 eV photons from Eqs. (7), (14), (20), 
and (28) is given by 



11 



13 



15 



H[<7„] + H [y[ -> H [y] + H + + c~ + 81.6 eV, (24) 
H-[a] +H [a]^H[f] + H[^] + 149.6cV f 



£ = 54.4-21.21 eV = 33.19eV (374 A). 



(37) 



For helium, the inelastic scattered peak of 27.2 eV photons 
from Eqs. ( 1 3 ) and ( 1 6) is given by 17 



(25) 



£ = 27.2-21.21 eV = 5.99eV (2071 A). 



(38) 
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1 The catalysis of hydrogen involves the nonradiative trans- 
fer of energy from atomic hydrogen to a catalyst which may 

3 then release the transferred energy by radiative and nonra- 
diative mechanisms. As a consequence of the nonradiative 

5 energy transfer, the hydrogen atom becomes unstable and 
emits further energy until it achieves a lower-energy nonra- 

7 diative state having a principal energy level given by Eqs. 
(2a) and (3). 

9 1.4. Catalvsts 



1.4 J. Helium ion 

Helium ion (He + ) is such a catalyst because the second 
ionization energy of helium is 54.417 eV, which is equiva- 
lent to m — 2 in Eq. (4). In this case, the catalysis reaction is 



13 



15 



17 



19 



21 



23 



25 



27 



29 



31 

33 

35 

37 

39 
41 



He 2+ + e" 



54.417 e V + He + + H[<7 H ] 
+ H [y] + 108.8 eV, 

He 2+ + e~ — He + + 54.417 eV 

and, the overall reaction is 

H[<7„] — H [y j + 54.4 eV + 54.4 eV. 



(5) 



(6) 



(7) 



hydrino atom causes the central field of the first atom to 
increase by m and its electron to drop m levels lower from 
a radius of a^/p to a radius of an/(p + m). The second 
interacting lower-energy hydrogen is either excited to a 
metastable state, excited to a resonance state, or ionized by 
the resonant energy transfer. The resonant transfer may oc- 
cur in multiple stages. For example, a nonradiative transfer 
by multipole coupling may occur wherein the central field of 
the first increases by m, then the electron of the first drops m 
levels lower from a radius of a»/p to a radius of <7 H /(p+m) 
with further resonant energy transfer. The energy transferred 
by multipole coupling may occur by a mechanism that is 
analogous to photon absorption involving an excitation to a 
virtual level. Or, the energy transferred by mulj^ols, cou- 
pling during the electron transition of the first hf^fcu^atom 
may occur by a mechanism that is analogQU^l^v^yhoton 
absorption involving a first excitation to a^irtuarfeveFand a 
second excitation to a resonant or contmuu%*.levefef44-461. 
The transition energy greater tha^ the transferred 
to the second hydrino atom may'appearjfe a photon in a 
vacuum medium. ' v fe^ i 

The transition of H[aH/^|to;H|i7&/( p + m)] induced by 
a multipole resonancei^^fefcof m27.21 eV (Eq. (4)) and 
a transfer of [[p'f nV f jl3.6 eV - m27.2 eV with 



The energy given off during catalysis is much greater than 
the energy lost to the catalyst. The energy released is large as 
compared to conventional chemical reactions. For example, 
when hydrogen and oxygen gases undergo combustion to 
form water 



a resonance state of H] 
represented b^v^K 



(p f - m')) excited in H[<7h/ p'] is 



H2(g)+^02(g)-H 2 0(/) 




and 



the known enthalpy of formation of water is A//|:^ - 
286 kJ mol"' or 1.48 eV per hydrogen atom. By contrast, 
each (n — 1 ) ordinary hydrogen atom underg^m%,cara|^ f 
sis releases a net of 40.8 eV. Moreover, ft^^catalytic 
transitions may occur w= j — ► 
so on. Once catalysis begins, hydrim 
in a process called disproporiiono^iaju 
similar to that of an inorganic Jsri c 
catalysis should have a hi^her'^eacti 
the inorganic ion catalys^oro td^^ 
enthalpy to m27.2 eV. ^| 




v 

further 
: mechanism is 
sir. But, hydrino 
rate than that of 
etter match of the 



1.4.2. Hydrinq catjdlyst^^ 

In a process cdl&'disproport iortation, lower-energy hy- 
drogen atoms, hydirinoSy can act as catalysts because each of 
the metastable excitation, resonance excitation, and ioniza- 
tion energy of a hydrino atom is m27.2 eV (Eq. (4)). The 
transition reaction mechanism of a first hydrino atom af- 
fected by a second hydrino atom involves the resonant cou- 
pling between the atoms of m degenerate multipoles each 
having 27.21 eV of potential energy [I]. The energy trans- 
fer of m27.2 eV from the first hydrino atom to the second 



j^ere p, p\ m, and m f are integers. 

^ Hydrinos may be ionized during a disproportionate re- 
action by the resonant energy transfer. A hydrino atom with 
the initial lower-energy state quantum number p and radrus 
a»/p may undergo a transition to the state with lower-energy 
state quantum number (p + m) and radius an/(p + m) by 
reaction with a hydrino atom with the initial lower-energy 
state quantum number m\ initial radius a»/m r t and final ra- 
dius an that provides a net enthalpy of m27.2 eV (Eq. (4)). 
Thus, reaction of hydrogen-type atom, H[<jh//>], with the 
hydrogen- type atom, H[a»/m f ] 9 that is ionized by the reso- 
nant energy transfer to cause a transition reaction is repre- 
sented by 



m27.2I eV + 



"El 



. H [^l-,H + + e- + H[-2!-] 
I Pi LO» + »)J 



+ [(p+mf - p- -(m 2 - 2m)]13.6eV, 



H + + . 



+ 13.6 eV, 



(10) 



(11) 
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(20) 



The observation that the optically measured output 
power of gas cells for power supplied to the glow dis- 
charge increased by over two orders of magnitude de- 
pending on the presence of less than 1% partial pressure 
of certain catalysts in hydrogen gas or argon-hydrogen 
gas mixtures [10]. 

The isolation of novel hydrogen compounds as prod- 
ucts of the reaction of atomic hydrogen with atoms and 
ions which formed an anomalous plasma as reported 
in the EUV studies [20,22-39]. 
The identification of novel hydride compounds by (i) 
time of flight secondary ion mass spectroscopy which 
showed a dominant hydride ion in the negative ion 
spectrum, (ii)X- ray photoelecrron spectroscopy which 
showed novel hydride peaks and significant shifts of 
the core levels of the primary elements bound to the 
novel hydride ions, (iii) 'H nuclear magnetic reso- 
nance spectroscopy (NMR) which showed extraordi- 
nary upfleld chemical shifts compared to the NMR of 
the corresponding ordinary hydrides, and (iv) thermal 
decomposition with analysis by gas chromatography, 
and mass spectroscopy which identified the compounds 
as hydrides [20,22-39]. 

The NMR identification of novel hydride compounds 
MH*X wherein M is the metal, X, is a halide, and 
H* comprises a novel high binding energy hydride 
ion identified by a large distinct upfleld resonance 
[25,26,29]. 

The replication of the NMR results of the identifica- 
tion of novel hydride compounds by large distinct up- 
fleld resonances at Spectral Data Services, University 
of Massachusetts Amherst, University of Delaware,^ 
Grace Davison, and National Research Council ofS; 
Canada [25]. jp- % 

The NMR identification of novel hydride compounds 
MH* and MH? wherein M is the metal an^^^dom^ 
prises a r novel high binding energy hydrfoe ilekJdfe 
titled by a large distinct upfleld resonanS^tfiat proves 
the hydride ion is different from t^r^&ide^n of the 
corresponding known compountf'o^lre fame compo- 
sition [25]. 

The differential scannin^alonrlktry (DSC) mea- 
surement of minimur^^fi^f^lwnation of KHI by 
the catalytic reacticfp of potassium with atomic hy- 
drogen and KI tha^ere^ver -2000 kJ mol -1 H 2 
compared to the en^alj>y%f combustion of hydrogen 
of -241.8 kJ^ol^fc [39]. 



1.3. Mechanism of the formation of lower-energy 
49 hydrogen 

The mechanism of EUV emission, formation of novel 
51 hydrides, and certain EUV lines from interstellar medium 

cannot be explained by the conventional energy levels 
53 of hydrogen, but it is predicted by a solution of the 

Schrodinger equation with a nonradiative boundary con- 



straint put forward by Mills [1], Mills predicts that certain 55 
atoms or ions serve as catalysts to release energy from hydro- 
gen to produce an increased binding energy hydrogen atom 57 
called a hydrino atom having a binding energy given by 
Eq. (2a) where 59 
1111 

n — ~> t, (3) 
2 3 4 p 

and p is an integer greater than 1, designated as H[oh//?] 
where an is the radius of the hydrogen atom. Hydrinos are 61 
predicted to form by reacting an ordinary hydrogen atom 
with a catalyst having a net enthalpy of reaction of about 63 

m27.2eV, (4) 

where m is an integer. This catalysis releases ene^y^from 

the hydrogen atom with a commensurate decreas^injsize of 65 

the hydrogen atom, r„ — na». For example^ trfe;cata%sis of 

H(/r = 1 ) to H(n = 1/2) releases 40.8 eV^and th^ydrogen 67 

radius decreases from an to \/2a\\. -..,0? 

The excited energy states of atomic "hydrogen are also 69 
given by Eq. (2a) except with Eq. (§J>). Th#/i = I state is the 
"ground" state for "pure" p^br^n^nsifjons (the n — 1 state 7 1 
can absorb a photon and go to.an- excited electronic state, but 
it cannot release a photon and goto a lower-energy electronic 73 
state). However, an ej^tpoh transition from the ground state 
to a lower-energy stated possible by a nonradiative energy 75 
transfer sue b airmultipole coupling or a resonant collision 
mechanisim^ese fewer-energy states have fractional quan- 77 
rum n^jSberff^^f/integer. Processes that occur without 
photofis a»d that' require collisions are common. For exam- 79 
p0 9 ttfe^otfiermic chemical reaction of H + H to form H 2 
does not occur with the emission of a photon. Rather, the 81 
reaction requires a collision with a third body, M, to remove 
the bond energy — H + H + M — H 3 + M* [42]. The third 83 
,body distributes the energy from the exothermic reaction, 
'and the end result is the H2 molecule and an increase in the 85 
temperature of the system. 

Some commercial phosphors are based on nonradiative 87 
energy transfer involving multipole coupling. For example, 
the strong absorption strength of Sb 3+ ions along with the 89 
efficient nonradiative transfer of excitation from Sb 3 * to 
Mn 2+ , are responsible for the strong manganese lumines- 91 
cence from phosphors containing these ions [43]. 

Similarly, the n = 1 state of hydrogen and the n — 1 /integer 93 
states of hydrogen are nonradiative, but a transition be- 
tween two nonradiative states is possible via a nonradiative 95 
energy transfer, say n = 1 to 1 /2. In these cases, during the 
transition the electron couples to another electron transition, 97 
electron transfer reaction, or inelastic scattering reaction 
which can absorb the exact amount of energy that must be 99 
removed from the hydrogen atom. Thus, a catalyst provides 
a net positive enthalpy of reaction of m27.2 eV (i.e. it ab- 101 
sorbs m27.2 eV where m is an integer). Certain atoms or 
ions serve as catalysts which resonantly accept energy from 103 
hydrogen atoms and release the energy to the surroundings 
to effect electronic transitions to fractional quantum energy 105 
levels. 
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ent theory for the hydrogen atom, was developed by E. 
Schrddinger, and independently by W. Heisenberg, in 1926. 
(T 13.598 eV 



(2a) 
(2b) 



n= 1,2,3,..., 

where a H is the Bohr radius for the hydrogen atom 
(52.947pm), e is the magnitude of the charge of the 
electron, and to is the vacuum permittivity. Based on the 
solution of a Schrddinger-type wave equation with a nonra- 
diative boundary condition based on Maxwell's equations, 
Mills [1-41] predicts that atomic hydrogen may undergo a 
catalytic reaction with certain atomized elements or certain 
gaseous ions which singly or multiply ionize at integer mul- 
tiples of the potential energy of atomic hydrogen, 27.2 eV. 
The reaction involves a nonradiative energy transfer to form 
a hydrogen atom that is lower in energy than unreacted 
atomic hydrogen that corresponds to a fraction principal 
quantum number where Eq. (2b), should be replaced by 
Eq-(2c). 



>»= 1,2,3,... 



1 I 1 

and /! = ---.. 

2*3'4' 



A number of independent experimental observations lead to 
the conclusion that atomic hydrogen can exist in fractional 
quantum states that are at lower energies than the traditional 
"ground** (n — 1) state. 



21 J 2. Experimental data of lower-energy hydrogen 



Observation of intense extreme ultraviolet (EUV) emis- 
sion at low temperatures (e.g. « 10 3 K) from atomic hy- 
drogen and certain atomized elements or certain gaseous^ 
ions [7-24] has been reported previously. The only pure el^ 
ements that were observed to emit EUV were those whe&in^j 
the ionization of / electrons from an atom to a coowuudl 
energy level is such that the sum of the ionizatj^en^^^,^ 
of the r electrons is approximately m27.2 eV 
are each an integer. Potassium, cesium/ajiaNtfe®gfiSn^3ms 
and Rb + ion ionize at integer muJtiple^^RfepOT&tiaJ en- 
ergy of atomic hydrogen and caused enm^T^iereas, the 
chemically similar atoms, sodiun^m^^SWi and barium, 
do not ionize at integer multiple^of th»oSntiaI energy of 
atomic hydrogen and caused nol^ssijn. 

Prior studies that support the possibility of a novel 
reaction of atomic hy£o^. whSih produces a chemically 
generated or assisted jjI^ 

energy-level hydr^|ri^t^s, molecules, and hydride ions, 
and novel hydrkle compounds include extreme ultraviolet 
(EUV ) spectroscopy [7-9, 1 1-24], plasma formation [7-24], 
power generatron [10-12,17,25], and analysis of chemical 
compounds [8,9 20,22-39]. Exemplary studies include: 



( 1 ) The recent analysis of mobility and spectroscopy data 
of individual electrons in liquid helium which shows 
direct experimental confirmation that electrons may 
47 have fractional principal quantum energy levels [6]. 



(2) The observation of continuum state emission of Cs 2+ 
and Ar + at 533 and 456 A, respectively, with the ab- 
sence of the other corresponding Rydberg series of 
lines from these species which confirmed the resonant 
nonradiative energy transfer of 27.2 eV from atomic 
hydrogen to the catalysts atomic Cs or Ar + [9]. 

(3) The spectroscopic observation of the predicted hydride 
ion H"( 1/2) of hydrogen catalysis by either Cs or Ar + 
catalyst at 4070 A corresponding to its predicted bind- 
ing energy of 3.05 eV [9]. 

(4) The observation of characteristic emission from K 3+ 
which confirmed the resonant nonradiative energy 
transfer of 3 x 27.2 eV from atomic hydrogen to 
atomic potassium [8]. .0' 

(5) The spectroscopic observation of the"£ predicted 
H~(I/4) hydride ion of hydrogen catalysis ^^potas- 
sium catalyst at 1 100 A corresponding to ^ predicted 
binding energy of 1 1.2 eV [8]. . , : 

(6) The identification of transitions of afomfc hydrogen to 
lower-energy levels correj^ponking to fractional princi- 

(2c) P al < l uanturn numb^rsj#u%exfe^e ultraviolet emis- 

sion spectrum from intersteiiar medium [1,5]. 

(7) The EUV specj^^^icf^bservation of lines by the 
Institut fur NrS|^^r^rarur-Plasmaphysik e.V., that 
could be assignerfl^jTansitions of atomic hydrogen to 
lower-e^irgy levels corresponding to fractional princi- 
pal quantum numbers and the emission from the exci- 
tation t ojR^e^ebrresponding hydride ions [14]. 

( 8) €tte# observation of novel EUV emission lines 
J&t fi^^intcrowave discharges of argon or helium 

^ •& f with^l0% hydrogen that matched those predicted 
> *for vibrational transitions of [n = 1/4; n* = 2) + 
£ with energies of o!.185eV, u= 17-38 that termi- 
nated at the predicted dissociation limit, £b, of 
H 2 [« = l/4]\ £b = 42.88 eV (28.92 nm) [7]. 

(9) The observation by the Institut fur Niedertemperatur- 
Plasmaphysik e.V. of an anomalous plasma and plasma 
afterglow duration formed with hydrogen-potassium 
mixtures [15]. 

(10) The observation of anomalous afterglow durations of 
plasmas formed by catalysts providing a net enthalpy 
of reaction within thermal energies of mil 2% eV 
[15,16]. 

(11) The observation of Lyman series in the EUV that rep- 
resents an energy release 10 times hydrogen combus- 
tion which is greater than that of any possible known 
chemical reaction [8-24]. 

(12) The observation of line emission by the Institut fur 
Niedertemperatur-PIasmaphysik e.V. with a 4° grazing 
incidence EUV spectrometer that was 100 times more 
energetic than the combustion of hydrogen [14]. 

(13) The observation of anomalous plasmas formed with 
strontium and argon catalysts at 1% of the theoretical 
or prior known voltage requirement with a light output 
for power input up to 8600 times that of the control 
standard light source [11,12,17]. 
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From a solution of a Schrddinger-type wave equation with a nonradiative boundary condition biased oh Maxwell's equations, 
Mills predicts that atomic hydrogen may undergo a catalytic reaction with certain atomized efements and ions which singly or 
multiply ionize at integer multiples of the potential energy of atomic hydrogen, m27.2 eV^herein m is an integer. The reaction 
involves a nonradiative energy transfer to form a hydrogen atom that is lower in energy than unreacted atomic hydrogen that 
corresponds to a fractional principal quantum number (/?= \/p= I/integer replaces the well-known parameter n— integer 
in the Rydberg equation for hydrogen excited states). One such atomic catalytic system involves helium ions. The second 
ionization energy of helium is 54.4 eV; thus, the ionization reaction of He + to Hen nas a net enthalpy of reaction of 54.4 eV 
which is equivalent to 2 x 27.2 eV. Since the products of the catalysis reactionxhave binding energies of m27.2 eV, they may 
further serve as catalysts. Extreme ultraviolet (EUV) srjeetroscopy/vfas recorded on microwave and glow discharges of helium 
with 2% hydrogen. Novel emission lines were observed with.energies of ^13.6 eV where q= 1,2,3,4,6,7,8,9, or 1 1 or these 
lines inelastically scattered by helium atoms wherein 21.2 ejjpwas absorbed in the excitation of He ( Is 2 ) to He ( Is^p 1 ). These 
lines were identified as hydrogen transitions to electronic wjfgrgy revels below the "ground"* state corresponding to fractional 
quantum numbers. Furthermore, astrophysical data v|pF r^iew^and such transitions were found to match the spectral lines 
of the extreme ultraviolet background of interstellaraj^e. t Jfcey may resolve the paradox of the identity of dark matter and 
account for many celestial observations such^a^^ffu^j^S emission is ubiquitous throughout the Galaxy and widespread 
sources of flux shortward of 912 A are reqift%dL^rS^onal hydrogen transitions were also assigned to unidentified lines in 
the solar EUV spectrum which may resojR|ft?§i|ar neutrino problem, the mystery of the cause of sunspots and other solar 
activity, and why the Sun emits X-rays^^g^t*^^^ 80 ^ *>y Elsevier Science Ltd. on behalf of the International Association 
for Hydrogen Energy. 




1. Introduction 



7.7. Backgroittui, %. 

29 J.J. Balmer showd in 1 885 that the frequencies for some 
of the lines observed in the emission spectrum of atomic 
31 hydrogen could be expressed with a completely empirical 
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relationship. This approach was later extended by J. R. Ry- 
dberg, who showed that all of the spectral lines of atomic 
hydrogen were given by the equation 



(I) 



where 7?= 109,677 cm"', n f = 1,2, 3, . . n, =2,3,4,..., 
and n t > rif. 

Niels Bohr, in 1913, developed a theory for atomic hy- 
drogen that gave energy levels in agreement with Rydberg's 
equation. An identical equation, based on a totally differ- 
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5. 7. 7. Diatomic molecular ro fat ion of hydrogen-type 
molecules 

The reduced mass of hydrogen-type molecules, p» 2y 
having two protons is given by Eq. (B.242) where 
m\~mi~ m p , and m p is I he mass of the proton 



ion. Using Eqs. (B.246) and (B.242), the rotational energy 
absorbed by a hydrogen-type molecular ion with the transi- 
tion from the state with the rotational quantum number J to 
one with the rotational quantum number J + 1 is 



/<h 2 = 



m v m P 1 m 

= — Win- 

m v + m p 2 



2*2 



(B.247) 



= p'[J + 1]1.89 x 10~ 2 V. 



(B.253) 



The moment of inertia of hydrogen-type molecules is given 
by substitution of the reduced mass, Eq. (B.247), for /t of 
Eq. (B.241) and substitution of the inlemuclear distance, 
two times Eq. (B.128), forr of Eq. (B.241) 



The energy can be expressed in terms of wavelength in 
microns (um) using the Planck relationship, Eq. (2.65). 

168 um. (B.254) 



/ = m 0 — , 



(B.248) 



where p is an integer which corresponds to, n=]fp y the 
fractional quantum number of the hydrogen-type molecule. 
Using Eqs. (B.246) and (B.248), the rotational energy 
absorbed by a hydrogen-type molecule with the transition 
from the state with the rotational quantum number J to one 
with the rotational quantum number J + I is 

A£ = £ J+l -£j==£^[y+1] 



X — 10 -— um = , r 

Vibration increases the internuclear distance. 
(B.241), which decreases the rotational enerj 
tational wavelength including vibration 
B.I.3(Eq.(B.l24))is 
169 

The calculated wavelength for^e1^=0^transition of the 
hydrogen molecular ion HijjSc' J^or^ncluding vibration 
is 169 um. The expenmpntziiyafu6% 169 um [43], 



References 




(B.255) 



: p~[J + 1J2.37 x )0~-V. 



(B.249) 



The energy can be expressed in terms of wavelength in 
angstroms (A ) using the Planck relationship, Eq. (2.65) 



10* 



hc _ 8.38 x 10 5 
A£~ p*[J + 1] 



(B.250) 



Vibration increases the internuclear distance, r of. r Eq:% 
(B.241 ), which decreases the rotational energy: The 
rotational wavelength including vibration given in Section j£- 
B.2.3 (Eq. (B.163)) is 



1 = 



8.43 x 10 5 



The calculated wavelength for tr^^%^"i%ansition of the 
hydrogen molecule H:(rt= 1) including^ibration is 8.43 x 
10 5 A. The experimental value is"%}3^# 1 0 5 A [44]. 

B. 7.2. Diatomic mo fecui^ratSrion of hydrogen-type 
molecular ions -k^' 

The momenfcof mfertia of hydrogen-type molecular ions 
is given by subsHftitidrf of the reduced mass, Eq. (B.247), 
for /i of Eq. (B.24i ) and substitution of the internuclear 
distance, two times Eq. (B.67), for r of Eq. (B.241 ) 

. 2<f 0 
/-m p — , 



31 - where p is an integer which corresponds to, n= )fp, the 
33 fractional quantum number of the hydrogen-type molecular 
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J The eccentricity, e, is given by Eq. (B.130) 
1 

e= 7r 



(B.228) 



B. 6.2. Energies of the dihydrino molecule 

The energies of the dihydrino molecule H:[2c' = ao/V2] 
are given by Eqs. (B.131 HI 2.137) where p—2 



The vibrational energy £ v fl> of the dihydrino molecule given 
by Eq. (B.16I) is 

£ vib = 2 2 (0.543) eV = 2.17 eV. (B.239) 
The amplitude of oscillation given by Eq. (B.163) is 



A = 



2 3/ 2(2 4 (570) Nm"V) ,/4 
4.37 x 10"' 2 - 



ZneoVa 2 - b 2 a - Va 2 - b 2 



P 8rceo y/a 2 ' - b 2 



= 76.93 eV, 



(B.229) 
(B.230) 



2.19 x 10"*' m. 



B. 7. Diatomic molecular rotation 



(B.240) 



In ^£2 = 135.614 eV. 



Im.as/a 2 - b 2 a - Va 2 - b 2 
The energy, K m , of the magnetic force is 



(B.231) 



-ft 2 



In fl+V ^!~*! = -67.8069 eV, 



4m c tfv / <? 2 - b 2 a — y/a 2 — b 2 

£ T = K t + r + K m + K pr 

£V = -13.6eV |^8n/2-4v / 2+ 



(B.232) 
(B.233) 



A molecule with a permanent dipole momenj^can res- 
onantly absorb a photon which excites a rotarfSbairoiode 
about the center of mass of the molecule. ^ ^ 

be conserved with excitation of a roi 
photon carries h of angular momentum^] 
angular momentum of the molecSHe c a 
the rotational charge-density foncfibn is 

V tht 

Rotational Energy, 

Moment of Inertia) jfc^n ^it|i the exception that for a 
diatomic molecule h^ipgj&tornS of masses m\ and m?, the 
moment of inertia is 



rigid rotor problem considered* 
of the Electron (Angular ^L^- 



just 

nai h%deT The 
ih^rotational 
;esby h. And, 
ivalent to the 
ional Parameters 




where #ts th&cedueed mass 



(B.241) 



(B.242) 



= - 126.5 eV, 



V2-\ 

£(2H[y]) = - 2(54.4) eV. 

The bond dissociation energy, £d, is the difference $f|w|!en 
the total energy of the corresponding hydrino aX&tteah&Er^ 

£o=£(2H[f])-£ T ^'-^ 



= -108.8 + 126.5 eV= 17.7eV. 
B.6.3. Vibration of the dihvarfmmolmik 




(B.236) 



It can be shown that a pefru^atioTtttf the orbit determined 
by an inverse-squared force relults in simple harmonic 
1 1 oscillatory motion of v ^e'prbir [39], The spring constant 
k for the dihydrino. mojecuJe with protons given by Eq. 
13 (B.159) is 



$ an^wherer is the distance between the centers of the atoms, 
S the mternuclear distance. The rotational energy levels follow 
from Eq. (1.95) 

tffrotational ortntal = JjJ(J + 1 )> (B.243) 

where J is an integer. For Eq. (B.243), J — 0 corresponds to 
rotation about the z-axis where the internuclear axis is along 
the y-axis, and J ^ 0 corresponds to a linear combination 
of rotations about the z- and x-axis. 

As given in the Selection Rules section, the radiation of a 
multipole of order (l»m) carries mfl units of the z component 
of angular momentum per photon of energy hto. Thus, the z 
component of the angular momentum of the corresponding 
excited rotational state is 



L- = rtih. 



(B.244) 



* = 2 4 570NnT' = 9120 Nm~ 



(B.237) 



wherein p — 2. Hie resonant vibrational frequency for the 
15 dihydrino molecule with protons given by Eq. (B.160) is 



v /*" ^2 /570 Nm" 1 „_ t _, 5 . 
= 2" J - = T W ^ = 3.28 x 1 0 radians/s. 

(B.238) 



Thus, the selection rule for rotational transitions is 

A7 = ±I. (B.245) 

In addition, the molecule must posses a permanent dipole 
moment. In the case of absorption of electromagnetic radi- 
ation, the molecule goes from a state with a quantum num- 
ber J to one with a quantum number of J + I. Using Eq. 
(B.243), the energy difference is 



A£ = E, +I -Ej = j[J+ 1] 



(B.246) 
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I between the foci is given by Eq. (B.67) where p — 2 

2c' = a 0 . (B.207) 
The semiminor axis is given by Eq. (B.69) where p = 2 

(B.208) 



29 



b=—a 0 . 



3 The eccentricity, e, is given by Eq. (B.71). 



(B.209) 



B. 5. 3. Vibration of the dihydrino molecular ion 

It can be shown that a perturbation of the orbit determined 2 1 
by an inverse-squared force results in simple harmonic oscil- 
latory motion of the orbit [39]. The spring constant k for the 23 
dihydrino molecular ion with protons given by Eq. (B.120) 
is 25 



h-2 4 \6S Nm" 1 = 2688 Nm" 1 , 



(B.220) 



B.5.2. Energies of the dihydrino molecular ion 

The potential energy, V ty of the electron MO in the field 
of magnitude twice that of the protons at the foci (f = 0) is 
given by Eq. (B.59) where p = 2 



-Se 2 



In 



a + Va 2 - b 2 



ZncoVa 2 - b 1 a - Va 2 - b 2 



(B.210) 



The potential energy, V py due to proton-proton repulsion in 
the field of magnitude twice that of the protons at the foci 
( c = 0) is given by Eq. (B.72) where p = 2 



y - * 
P %neo\/a 2 - b 2 



(B.211) 



J 1 The kinetic energy, T, of the electron MO is given by Eq. 
(B.61) where p = 2 



2h 2 



In- 



n r ayj a 2 — b 2 a — y/a 2 — b 2 



(B.212) 



wherein p — 2. The resonant vibrational frequenc^for the 
dihydrino molecular ion with protons given by E^;RJ2 1 ) 27 
is 



= ^^ = 2^/ 168Nm ' ^1.79x$>l 
V" V " 



ins/s. 
(B.221) 



The vibrational energy E^0t^^^f&nno molecular ion 29 
given by Eq. (B.122) 

fvib = 2 2 (0.2962) eVC h|85 eV: (B.222) 
The amplitude of oscillation given by Eq. (B.124) is 



13 



Substitution of a and b given by Eqs. (B.206) and (B.208)^p u 
respectively, into Eqs. (B.210), (B.211), and (B.212) is §1 



2^C^(l6f^m-V) ,/4 

■? •:=. = 2.97 x 1 0 12 m. 

" 2 



(B.223) 



V c = In 3 = - 239.058 eV, 

87T£orto 

Ze 2 

In 3= 119.53 eV, 

87i£oao 



= 54.42 eV, 




B 6. The dihydrino molecule H2[2c' = ao/ y/2] 

B.6.1. Force balance of the dihydrino molecule 

The force balance equation for the dihydrino molecule 
H2[2c' = aofV2] is given by Eq. (B.I 25) where p — 2 

JL^2ab 2 X = ^-X + —!^—2ab 2 X J (B.224) 



£(H [^]) = -54.4eVf r ^ ; ^^ 

£ T = K e + V ? + T ^, 
£ T = 1 3.6 eV ( - i 6 In 3 V 4 + 8 In 3)= — 65.09 eV. 

(B.218) 

1 5 The bond dissociation energy, £b, is the difference between 
the total energy of the corresponding hydrino atom and Ej 

E d =e(h [y]) -£t=- 54.4 + 65.09 eV = 10.69 eV. 
17 (B.219) 



which has the parametric solution given by Eq. (B.51 ) when 

(B.225) 



O0 



2c= 7r° 



(B.226) 



The semiminor axis is given by Eq. (B.129) where p — 2 

b = c=-t-=a 0 . (B.227) 
2V2 



31 



33 
35 



The semimajor axis, a y is also given by Eq. (B.127) where 37 
p — 2. The intemuclear distance, 2c', which is the distance 
between the foci is given by Eq. (B.128) where p — 2 39 
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] B. 4. The hydrogen molecule H 2 [2c' = \/2a 0 ] 

B. 4. 1. Force balance of the hydrogen molecule 
3 The force balance equation for the hydrogen molecule is 
given by Eq. (B.125) where p = I 



— lab X = - — X -f — 

m e a-cr 4^eo 2m r a-tr 



2ab z X y 



(B.186) 



which has the parametric solution given by Eq. (B.51 ) when 

<? = do. (B.187) 

The semimajor axis, a, is also given by Eq. (B.I 27) where 
p = 1 . The intemuclear distance, 2c', which is the distance 
between the foci is given by Eq. (B.I 28) where p— 1 

2c = V2<7 0 . 



9 The experimental intemuclear distance is V2ao. The 
semiminor axis is given by Eq. (B.129) where p = I 



11 



13 



The eccentricity, e, is given by Eq. (B.I 30) 
I 

e= '7T 



(B.189) 



(B.190) 



The finite dimensions of the hydrogen molecule are evident 
in the plateau of the resistivity versus pressure curve of 
metallic hydrogen [43], 



J 5 B.4.2. Energies of the hydrogen molecule 

The energies of the hydrogen molecule are given by Eqs. 
17 (B.131 H 12.137) where p= 1 

r.- 



7 = 



2m 9 ay/d* - b 2 a - Va 2 ^ 



The energy, K m , of the rr^neticJPofBe*fs 
ln q " hv ^S j- 16.9533 eV, 



e t = + r k p , 



19 



£ T = -13.6 eV ^2v^- \/2+ ^ 

In^il - v^] = - 31.63 eV, 
y/2- 1 



(B.194) 
(B.195) 

(B.196) 



£(2H[<7„])=- 27.21 eV. 



(B.197) 



The bond dissociation energy, £d, is the difference between 
the total energy of the corresponding hydrogen atoms and Ej 

E D = £(2H[<7 H ]) - £t = —27.2 + 31.63 eV = 4.43 eV. 

(B.198) 

The experimental bond energy of the hydrogen molecule 
[42] is 



E D = 4.478 eV. 

B. 4.3. Vibration of the hydrogen molecule 



(B.199) 



At 



* = 570NnT 



(B.200) 



wherein p = 1 . The resoj^n^iiraironal frequency for the 
hydrogen molecule jwafh j^>tor%given by Eq. (B.I60) is 



<Oq 



= /I = i^J» =8 . 2x 10 M radians/s. 
V ",<V 




# (B - 201 > 
The, ViT>riltTonai energy Evib of the hydrogen molecule given 

#E q :iyH)is 

£W%.543 eV. (B.202) 

ie exj?erimental vibrational energy of the hydrogen 
olecule [43] is 

E v * = 0.545 eV. (B.203) 
The amplitude of oscillation given by Eq. (B.163) is 



A = 



2^(570 Nm- ! /0 1/4 



= 4.37 x 10" l2 m. 



(B.204) 



B.5. The dihydrino molecular ion H2[2c' = ao] + 



21 



23 



25 



It can be shown that a perturbation of the orbit determined 
by an inverse-squared force results in /jmptev Harmonic 
oscillatory motion of the orbit [39]. Th^ sprin^cohstant 27 
k for the hydrogen molecule witrwgrjpjc^gi^ by Eq 
(B.159)is ^ 



29 



31 



33 



35 



37 



39 



B.5.I. Force balance of the dihydrino molectdar ion 

Force balance between the electric and centripetal forces 
is given by Eq. (B.57) where p = 2 

JL^2ab 2 X^^X y (B.205) 

which has the parametric solution given by Eq. ( B.5 1 ) when 4 1 

a = a 0 . (B.206) 

The semimajor axis, a, is also given by Eq. (B.58) where 

p = 2. The intemuclear distance, 2c', which is the distance 43 
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1 as opposed to the ground vibrational state and the first 
vibrational state, and higher order terms in the perturbation 
3 series are included. 



r = 



In 3 = 29.88 eV, 



B.3. The hydrogen molecular ion H?[2c' = 2ao] + 

B.3.L Force balance of the hydrogen molecular ion 

Force balance between the electric and centripetal forces 
is given by Eq. (B.57) where p= 1 



h 2 p 2 
* -2ab 2 X = ^—X 9 



(B.I64) 



87t£otfo 

E T = K e + v p + r, 

£ T =- 16.282 eV, 
£(H[a„])=- 13.6 eV, 

£ T = K e + K p + r, 



27 

(B.174) 
(B.175) 
(B.176) 

(B.177) 



m^b 2 "~ 47teo' 

which has the parametric solution given by Eq. (B.51 ) when 

a = 2a 0 . (B.I65) 

9 The semimajor axis, a, is also given by Eq. (B.58) where 
p—\. The intemuclear distance, 2c\ which is the distance 
1 1 between the foci is given by Eq. (B.67) where p= I 



2c = 2a 0 . 



(B.166) 



The experimental intemuclear distance is 2a 0 . The semimi- 
13 nor axis is given by Eq. (B.69) where p = 1 



b = \/3<7o. 

The eccentricity, e y is given by Eq. (B.71) 
„ _ i 



(B.167) 



(B.168) 



£ T = 13.6eV(-41n3 + 1 +2Jn3)=- 16.28 eV.,v, 

^(Bil78) 

The bond dissociation energy, £q» is the difleflafee between 

the total energy of the corresponding hydtSgen atwn and Ej 27 

E d = e(h ^jjj -E T =- I3^1l|fef =2.68 eV. 

J0*l%*& ' (B.I79) 

Eqs. ( B. 1 72 H 1 2. 1 7^^r^^^valfent to Eqs. (B.73>- 
(12.78) where p= l^Tn^fexpi&iental bond energy of the 29 
hydrogen molecular" ioJt^{^2] is 



£ D = 2.651 



(B.180) 



15 B.3.2. Energies of the hydrogen molecular ion 

The potential energy, V tt of the electron MO in the field 
17 of the protons at the foci (C = 0) is given by Eq. (B^9) 



where p = 1 

-Ae 2 



In 



a + Va 2 - b 2 



SneoVa 2 - b 2 a - Va 2 - b 2 



19 The potential energy, K p , due to protoi 
given by Eq. (B.72) where p= 1 




B.3^^y^rafi§^of the hydrogen molecular ion 

caSj||e sKSwn that a perturbation of the orbit determined 
^x^^i invet^e- squared force results in simple harmonic oscil- 
latorgrnotion of the orbit [39]. The spring constant k for the 
jjvdrogen molecular ion with protons given by Eq. (B.120) 



* = 168 Nm~ 



(B.181) 



Zncoy/a 2 - b 2 

21 The kinetic energy, 7\ o£the electron MO is given by Eq. 
(B.61 ) where p = 1 

2h 2 4^^^ST^l 



T = 



m e ay/a 2 — '* ; "fer Vtf 2 - b 2 



/k / 168 Nm" 1 . . Q 1A u , 
- = \ = 4.48 x 10 radians/s. 
/< V 

(B.182) 

The vibrational energy £Vib of the hydrogen molecular ion 
given by Eq. (B.122) is 



(B.171) 



£vib = 0.2962 eV. 



(B.183) 



23 Substitution' hf a arid b given by Eqs. (B. 165) and (B. 167), 
respectively, inlo Eqs. (B.169), (B.170), and (B.171) is 



25 



-4<r 

87l£oflo 

e 1 

87reo«o 



ln3=- 59.763 eV, 



= 13.6 eV, 



(B.172) 
(B.173) 



The experimental vibrational energy of the hydrogen molec- 
ular ion [42] is 

£vib = 0.288 eV. (B.184) 
The amplitude of oscillation given by Eq. (B.124) is 



A = 



2^(168 Nm"'/*)" 4 



= 5.93 x 10" l2 m. 



(B.185) 



31 

33 
35 



wherein p — \. The resonant vibrational frequency for the 37 
hydrogen molecular ion with protons given by Eq. (B.121) 
is 39 



41 



43 
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_ y/2/r13.6eV 
1/2 



A solution to 



\/2p 2 l3.6eV 
1/2 



-2 



In Y . + 1 



p 2 \3.6 eV 



(B.154) 



-2 



In 



+ 1 



\/2 



70 



1/2 



0 + £5575^) 



-2 



In 



V^ 2 + ^ 2^(Vi)»/ 4 

A , 2p y/S 
V + "0 2**(*|i)»/< 



(B.155) 

1 The vibrational energy £ V ib is given by ihe difference in the 
total energy of the nonoscillating molecule Ej (Eq. (B.I36)) 
3 and that of the oscillating molecule Ejyih (Eq. (B.155)) 

Evib — ^Tvib — Ej ~ p~ 1 3.6 eV 



j£ 1(B.158) 



(B.159) 



1/2 



- 2 



The maximum displacement x is the reduced .arnr>fiTOe^ 
5 ^mhiced given by Eq. (B.106). Substitution of0r$ud n 



(B.156) 



found by reiteration is ?$ 

k = p 4 570 NnT 1 . ^% ^-X 

The resonant vibrational^ frequencies for hydrogen-type 
molecules with protorf nucJei given by Eq. (B.96) and Eq. 
(B.159) are 



wo = p 

= p 2 B2 x 10 14 radians/s. (B.160) 

FroB&Planck's equation (Eq. (B.80) and the vibrational 
□encies (Eq. (B.160)), the vibrational energies £ V ib of 
Jdrogen-type molecules are 



Eq. (B.156) gives 




£vib = /? 0.543 eV. 



(B.I61) 



7 

= /> 2 !3*6eV& 




The experimental vibrational energy of the hydrogen 
molecule [43] is 



£va» = 0.545 eV. 



(B.I 62) 



- 2 



"0 2 3 ' J (**)'/ < 



) J 



In 



yj 2 + ^w$)& - 1 



+ 1 



\/2\ , n/2 + 1 



In 



(B.I57) 



The amplitude of oscillation given by Eqs. (B.I06) and 
(B.159) is 

\/K 4.37 x 10~ ,2 m 



A = 



2 3 / 2 (/r*570Nm- 1 /*) ,/4 



(B.163) 



Due to the pairing of the two electrons, the vibrational 
energies of hydrogen- type molecules are nonlinear as a 
function of the vibrational quantum number 17. The energy 
spacing of each of the transitions of the vibrational spec- 
trum is approximately given by Eq. (B.158) wherein the 
corresponding amplitude of the proton displacement of each 
state is approximately conduced- The lines do become more 
closely spaced as higher states are excited due to the distor- 
tion of the molecule in these states. The actual transition en- 
ergy may be better calculated from Eq. (B.156) wherein the 
energy difference corresponds to the initial and final states 
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1 molecular ions given in Section B.J. 3. The total energy 
of a hydrogen-type molecule is given by substituting Eqs. 
3 (B.59), (B.61) and (B.72) into Eq. (B.76) 



K c + T + V m + K p 
-2pe 2 



SnEoVa 2 - b 2 a * 



a + Va 2 -b 2 
In y + 



In , 4- 



Vo 2 "- A 2 2m e ay/a 2 - fr 2 
-ft 2 



The energy terms which are a function of the internuclear 2 1 
distance increase in magnitude and those that depend on the 
semiminor axis decrease in magnitude. The displacement x 23 
corresponds to the amplitude of the time averaged decrease 
in the distance from the origin to each focus d and increase 25 
the time averaged semimajor axis a. Thus, the perturbated 
semimajor axis a f is given by 27 



a - a + x. 



(B.146) 



In 



a - Va 2 - b 2 4m,a\/a 2 - b 2 

a + yV - b 2 pe 2 
a - \/a 2 -b 2 + 87re<>vV 



From Eq. (B. 144), the perturbated origin-to-nucleus distance 
c" is given by 



(B.139) 



2pe* 



-x)a 0 



2m t a 8ireo 4m,<? 



1 



In , . + 



Vct-b 2 

Pi 



a - Vat-b 2 87t£ 0 vV - b 2 



(B.I 40) 



1 



:ln 



a + v/a 2 - ^ 



2/> ' 

From Eqs. (B.145), (B.146), and (B 
totaJ energy including vibration with 
origin-to-nucleus distance c" and the pe 
axis a f is given by 

K* _ 2p£\ _l_ ■ vggg/j 
4m,a' 8tcoJ c£$^rf ~~ 



4m,a 8ji&j J Va 2 — ft 2 " ■ 



V« 2 - b 2 




(B.141) 



$ne 0 \/a 2 - b 2 

From Eq. (B.68), the internuclear distance 2c' is given by 
2c' = 2V / ^7?. (B.142) 
Thus, the total energy of the nonoscillating molecule is 

E - - ^-1 - In ° + C ' 

4m € a 87re<> J d a — d o/itgt 

(B.1435 



^"an^from Eq. (B.147) and Eq. (B.150) 



The relationship between 2d and the semimajor ax *||&j 
7 lows from Eq. (B. 66) 



4m e 




(B.148) 

The solution to the force t^ance&quation (Eq. (B.125)) for 
a given by Eq. (B.127^ is 

(B.149) 



(B.150) 



(B.151) 



y me 2 2pa' 
Substitution of Eq. (B.144) into 

e a 8rt£o J 



Substitution of Eqs. (B.150), and (B.151) into Eq. (B.148) 
gives 



2pe* 



1 



(B.145) 



A hydrogen-ty^e^no^feculi^mprises two nuclei at the 
foci and two iach^^™inSble electrons at the same pro- 
late spheroid MikTnlktwo electrons are spin-paired with 
the motioif%£one%ectron being the mirror image of that 
of the other. T^cA^nserve momentum, the oscillation of the 
molecule comprises a time averaged decrease in the internu- 
clear distance and a time averaged increase in the semiminor 
axis relative to the stationary molecule. This corresponds to 
in-phase motion of the electrons that is opposite to that of 
the protons. The total energy is a function of the semima- 
1 9 jor axis a and the distance from the origin to each focus d . 



(B.I52) 



2/»V 



V2 



(?+*)-■ 8w^/(i-5*) 



(B.153) 
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1 The experimental vibrational energy of the hydrogen molec- 
ular ion [43] is 



£v,t> = 0.288 eV. 



(B.J23) 



3 The amplitude of oscillation given by Eqs. (B.106) and 
(B. 120) is 



= (Vf - Vi) 



2^(^168 Nirr 1 ,,)</« 
5.93 x 10- ,2 m 



(B.I24) 



The energy spacing of each of the transitions of the 
vibrational spectrum is approximately given by Eq. (B. 122). 
However, slight departure is anticipated as higher states are 
excited due to the distortion of the molecular ion in these 
states. The actual transition energy may be calculated from 
Eq * !\'} wherein * e energy difference corresponds to 
the initial and final states as opposed to the ground vibra- 
tional state and the first vibrational state, and higher order 
terms in the perturbation series are included. 

B.2. Hydrogen-type molecules 

B.2.L Force balance of hydrogen-type molecules 

Hydrogen-type molecules comprise two indistinguishable 
electrons bound by an elliptic field. Each electron experi- 
ences a centrifugal force, and the balancing centripetal force 
(on each electron) is produced by the electric force between 
the electron and the elliptic electric field and the magnetic 
force between the two electrons causing the electrons to-^ 
pair. In the present case of hydrogen-type molecules, if thef 
eccentricity equals l/v/2, then the vectorial projection o#he% 
magnetic force between the electrons, y/3/4 of Eo#f 7.i$) ^ 
of the Two Electron Atom section, is one. Tk,moi|ie^# 
will be solved by self-consistency. Assume §^fM* $&n 
the force balance equation given by Eq 
Electron Atom section and Eq. (B.57) 



rwo 



h 2 

m^b 2 



2flp _ £o _ j 
P a P°~~ ' , 

29 Substitatiottof E^|B.t27) into (B.66) is 
, 1 




(B.I28) 



Substitution of Eqs. (B.127) and (B.I28) into Eq. (B.68) is 



31 



A ' 1 



(B.129) 



Substitution of Eqs. (B.127) and (B.128) into Eq. (B.70) is 
1 



e = 



V2' 



(B.130) 



The eccentricity is 1/^2; thus, the present self-consistent 33 
solution which was obtained as a boundary value problem 
is correct. The internuclear distance given by multiplying 35 
Eq. (B.128) by two is tfov^/p. 

B.2.2. Energies of hydrogen-type molecides 37 

The energy components defined previously for the mole- 
cular ion, Eqs. (B.73M12.77), apply in the case of the 39 
corresponding molecule. And, each molecular enjg§y com- 
ponent is given by the integral of correspondtfg^e in 41 
Eq. (B.125) where each energy compon 
the two equivalent electrons. The para 
given by Eqs. (B.127) and (B.I 29), resj 



8 Wa 2 - b 2 a - yp^pl^J 

P e 2 "% : ^j r ' 



K p = - 

Sttco vV -b 2 ^ 




h 2 



_____ % ~ b 2 
2m t ayJ&^&" a _ y/a 2 -b 2 ' 



In 



(B.I33) 



^ en «TSy> % N coftesponding to the magnetic force of Ea 45 

(B.i^i# /r H 



%0V 



(B.134) 
(B.I35) 



(B.136) 



(B.137) 



r - - ,- ^ + y^y 

r m?-~r In _____ 

> %4m e ay/tf - b 2 a - y/a 2 - b 2 ' 
|r = K e + T + V n + K p> 

Et = - 13.6 eV [(l P 2 V2 - p 2 V2 + 
. V2+ 1 , /-] 7 

y/2- I _ P '^\ = ~ P 3L63 ' 

E(2H [^])--2p 2 13.6eV. 

The bond dissociation energy, £ D , is the difference between 47 
the total energy of the corresponding hydrogen atoms or 
hydrino atoms and Ej 49 

Ed=E ( 2H [7]) ~ £t = - 2 P 2]3 ' 6 + P 2 ^ *V 
= /T4.43eV. (BB8) 



B.2.3. Vibration of hydrogen-type molecules 

The vibrational energy levels of hydrogen-type molecules 5 1 
may be solved in the same manner as hydrogen-type 



# 



1HE 13151 



ARTICLE IN PRESS 



R.L Mills, P. Ray I International Journal of Hydrogen Energy III (UH) Ill-Ill 



23 



1 From Eq. (B. 107), ^Tvib, the total energy including vibration 
with the perturbated origin-to-nucleus distance c" and the 
3 perturbated semimajor axis a f is given by 



Eq. (B.l 17) gives 



2ft 2 4pe 2 l 1 , a'+c" 

— In — + 



m e a f %neo\ c" a' - c" %moc' r 



(B.H3) 



= p 2 I3.6eV 



Substitution of Eqs. (A. 12.1 10), (A.l 1 1) and (B. 1 1 1 ) into 
Eq. (B.I 13) gives 



2h 2 



Ape* 



8jt£o 



In 



(B.I 14) 



( I + 2£ v/ft\ 



+ 21n3- 1 



£*Tvib — 



p* 1 



4pV 



ln (ilH + __ 

(l + %x) Ucao (l + £*) 



(B.l 15) 




ftvib = 



_ p 2 13.6eV 



( l + 4')U('^') : 



-4 



iy 



(B.1I9) 



The vibrational energy £ v a> is given Kfcffife inference in 
7 the total energy of the nonosoi^mW nropcular ion Er 

(Eq. (B.77)) and that of the os^HJatingj&olecuIar ion £jvib 
9 (Eq. (B.I 16)) ~ 



Evib = ^Tvtb — Ei = 



( 1 + ^) 2 



In 4— =4 + 1 



+ 21n3-l 



(B.117) 



The maximum displacement x is the reduced amplitude 
11 ^reduced given by Eq. (B.I06). Substitution of Educed into 



13 



15 



jfr %t vfo\ind by reiteration is 

* = j/]68Nnr'. (B.120) 

A harmonic oscillator is a linear system as given by 
Eq. (B.94), thus, the resonant vibrational frequencies for 17 
hydrogen-type molecular ions with protons given by Eq. 
(B.96) and Eq. (B.120) for the vibrational transition xj\ — + Vf 19 
are 



2 f^k 2 r^k 

(B.I21) 

where v is an integer. From Planck's equation (Eq. (B.80) 21 
and the vibrational frequencies (Eq. (B.121)), the vibra- 
tional energies £ v n> of hydrogen-type molecular ions are 23 

£ vib = (r r - t:i)^ 2 0.2962 eV. (B.122) 
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1 given as the potential energy with jc = A 

^TotaMb = kA 2 . 

Thus, 



(B.99) 



(B.100) 



and from Eq. (B.96), ^reduced is 
1 



^reduced ~ 



2k 2V2*U/ ~ 



VK 



2 3/2 (*/0 I/4 * 



(B.106) 



It is shown in the Excite States of the One Electron Atom 
(Quantization) section that the change in angular velocity 
of the electron orbitsphere, Eq. (2.21), is identical to the 
angular velocity of the photon necessary for the excitation, 
^bdw (Eq. (2.19)). The energy of the photon necessary to 
excite the equivalent transition in an electron orbitsphere is 
one-half of the excitation energy of the stationary cavity 
because the change in kinetic energy of the electron orbit- 
sphere supplies one-half of the necessary energy. The change 
in the angular frequency of the orbitsphere during a transi- 
tion and the angular frequency of the photon corresponding 
to the superposition of the free space photon and the photon 
corresponding to the kinetic energy change of the orbitsphere 
during a transition are equivalent. The correspondence 
principle holds. It can be demonstrated that the resonance 
condition between these frequencies is to be satisfied in order 
to have a net change of the energy field [41], The bound 
electrons are excited with the oscillating protons. Thus, the 
mechanical resonance frequency a* is only one that of the 
electromechanical frequency which is equal to the frequency 
of the free space photon to which excites the vibrational 
mode of the hydrogen molecular ion. The vibrational energy 
£wb corresponding to the photon is given by 



The total energy of a hydrogen-type molecular ion is given 
by substituting Eqs. (B.59), (B.61), and (B.72) into Eq. 
(B.76) 



Er = v z + y 9 + T 
-Ape 2 



■ In , + 




FromEq. (B.68), thtd L__ 



(B.I07) 

distance 2c' is given by 
(B.108) 



where Planck's equation (Eq. (B.80)) was used.J^cje^od^ 
mass is given by ^ ^ 

/Wl/772 




A = 



Since the protons are 
of mass, the m 
amplitude ArJkfag? 

%A 2 





A hydrogeri^^pe nBJlecular ion comprises two nuclei at the 
foci and an^eie^^n at a prolate spheroid MO. To conserve 
S? Bf *%^r^ oscillation of the molecular ion comprises 
a %%d increase in the interauclear distance with a 
^> ,ir "%Sv era ged increase in the semiminor axis. This corre- 

^ 4*° n< ^ t0 motion of me nuc,ei in P na se with the electron. 
(B.|pi Jbe total energy is a function of the semimajor axis a and 
"*$m*f. The displacement x corresponds to the amplitude of the 
time averaged increase in the distance from the origin to 
each focus c' with a time averaged semimajor axis <?. Thus, 
the perturbated internuclear distance 2c" is given by 



vgB.102) 



2c" = 2(c' + x) = 2( V* 2 -!* 2 + x). 



(B.109) 



* reduced — 



Ax-mi 



J? 



(B.103) 

vibrate about the center 
pJitude is given by the reduced 



(B.104) 



The relationship between 2c" and the perturbated semimajor 
axis a' follows from Eq. (B.66) 



c =c +x 



Thus, 



-4 



A 2 4tt£o 
me 2 2pa f 



wherein is the amplitude of proton n if the origin is fixed. 
Thus, Eq. (B.I 03) becomes 



(B.110) 



(B.ni) 



-^reduced — 



The solution to the force balance equation (Eq. (B.57)) for 
a is 2<7 0 //>, and the solution for c' given by Eq. (B.67) is 



(B.I 05) 
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oscillatory motion of the orbit [39]. In a circular orbit in 
spherical coordinates, the transverse equation of motion 
gives 
Urn 



(B.81) 



where L is the angular momentum. The radial equation of 
motion is 



The apsidal angle in this case is just the amount by which the 
polar angle d increases during the time that r oscillates from 
a minimum value to the succeeding maximum value which 
is r r . From Eq. (B.81), d^L/m/r 2 , therefore, 0 remains 
constant, and Eq. (B.84) gives 

I 1/2 

(B.91) 



_/<£>] 

ma J 



mif-rO ) = /(r). 

Substitution of Eq. (B.81 ) into Eq. (B.82) gives 
™r-^=/(r). 



(B.82) Thus, the apsidal angle is given by 



(B.83) 



For a circular orbit, r is a constant and r = 0. Thus, the radial 
equation of motion is given by 



m(L/m) 2 



(B.84) 



where a is the radius of the circular orbit for central force 
f(a) at r~a. A perturbation of the radial motion may be 
expressed in terms of a variable x defined by 

(B.85) 



x — r — a. 



(B.86) 



The differential equation can then be written as 

mx - m(L/mf(x + a)' 3 = f{x + a). 

Expanding the two terms involving x + a as a power series 
in x, gives 

nix - m{L/mfa- y (\ - 3^ + - - •) 

= /<*) + + • ( B - 87 > 

Substitution of Eq. (B.84) into Eq. (B.87) and neglecting 
terms involving x 2 and higher powers of x gives 



mx + 



-3 



Aa)-f'(a) 



For an inverse-squared central field, the coefrl^sro^r in 
Eq. (B.88) is positive, and the equation?is^% sllie as that 
of the simple harmonic oscillator. In th^ga^^particle, if 
perturbed, oscillates harmonically^ajblaf^ tS|rircle r = o, and 
an approximation of the anguIaritfequenSy dfthis oscillation 
is was* % ' M 



(B.89) 



(- ya)f(a)-Ma)] 

k orbit at which the radius vec- 



m 



tor assumes ari^e^eri^^yalue (maximum or minimum). The 
angle swepjfcput ^|(h? radius vector between two consec- 
utive apsides% called the apsidal angle. Thus, the apsidal 
angle is n for elliptic orbits under the inverse-squared law 
of force. In the case of a nearly circular orbit, Eq. (B.88) 
shows that r oscillates about the circle r — a, and the period 
of oscillation is given by 



Tr 2n y-[{ya)f(a) + f>{a 



(B.90) 



3 + <i 



-1/2 



(B.92) 



Thus, the power force of f(r)- - cr" gives ,^ 

^ = n(3 + /ir V2 - CJ&-93) 

The apsidal angle is independent of the sjre of fte orbit in 
this case. The orbit is re-entrant, or repeti^e, in ffie case of 
the inverse-squared law (n= — 2)J^^|^cmpi^ r n. 

In the case of a hydrogen moleple or i&lecular ion, the 
electrons which have a mass^^/f^^St of the protons 
move essentially instantai^usj^^hus, a stable electron 
orbit is maintained wit^i3scyjitory%iotion of the protons. 
Hydrogen moleculas^3§irioie%ular ions are symmetrical 
along the semimajor%^; thus, the oscillatory motion of 
protons is aJonj^this axis|Let x be the displacement of the 
protons alon^ the%emimajor axis from the position of the 
initial fpjci c%the stationary state. The equation of proton 



motic#ch?e>to1 

inWr^^uar^d central force [39] and neglecting terms in- 
?|v^iying l S^hd higher is given by 




(B.94) 



ich has the solution in terms of the maximum amplitude 
f oscillation of the protons from the initial foci A, the re- 
duced mass /i, the restoring constant or spring constant k, 
the resonance frequency a>o, and the vibrational energy £ v ib 
[40] 



A cos a>o/, 
where 



(B.95) 



(B.96) 



For the two protons which undergo a symmetrical displace- 
ment x from the foci, the potential energy corresponding to 
the oscillation is given by 



Er v * = 2{±kx 2 ) = kx 2 . 



(B.97) 



The total energy of the oscillating protons fYotaivrb is given 
as the sum of the kinetic and potential energies 



(B.98) 



The velocity is zero when x is the maximum amplitude A. 
The total energy of the oscillating protons £Tooivib is then 
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by the integral of the left-hand side of Eq. (B.57) 
2ft 2 



T = 



In 



a+Va 2 -b 2 



(B.6I) 



meQy/a 2 — b 2 a - y/a 2 - b 2 

From the orbital equations in polar coordinates, Eqs. (B. 1 0)- 
(12), the following relationship can be derived: 

mLr/m 2 



For any ellipse, 



b = a\J\ - e 2 
Thus, 

b 



. 2 fm*)m 



ka 



(polar coordinates). 



(B.62) 



(B.63) 



(B.64) 



Using Eqs. (B.54) and (B.61), and (B.16) and (B.61), re- 
spectively, it can be appreciated that b of polar coordinates 
corresponds to c' = y/a 2 — b 1 of elliptic coordinates, and k 
of polar coordinates with one attracting focus is replaced by 
2k of elliptic coordinates with two attracting foci. In elliptic 
coordinates, k is given by Eq. (B.48) and (B.50) 



k = 



2pr 
47ie<> 



(B.65) 



and L for the electron equals A; thus, in elliptic coordinates 

(B.66) 



C ' = a )[] 



fi 2 4nto 



me 2 2 pa 

Substitution of a given by Eq. (B.58) into Eq. (B.66) is 

(B.67| 



c = — . 



The intemuclear distance from Eq. (B.67) is 2c' ^*noiJ) 
One-half the length of the semiminor axis of J 
spheroidal MO, b = c, is 



Substitution of a = 2ao/p and c = at 

^_ 

b= — a 0 . 

P ^ 

The eccentricity, e, is •>£ 
e = - 



(B.70) 



1 9 Substitution of <3f== 2c$fp and c' = ao/p into Eq. (B.70) is 

'.■.•ft-.. ''■.■■.7; 

e=\- (B.7I) 



The potential energy, Vp, due to proton-proton repulsion in 
the field of magnitude p times that of the protons at the foci 
(C = 0) is 



pe- 



SntoVa 2 - b 2 



(B.72) 



Substitution of a and b given by Eqs. (B.58) and (B.69), 
respectively, into Eqs. (B.59), (B.61), and (B.72) is 





(B.73) 


v - " V 


(B.74) 




(B.75) 


E 7 = V t + V v + T, 


(B.76) 



£Y = 13.6eV(-4p 2 ln3-f /? 2 + 2/? 2 ln3) 



fc -*("[7])-v4M 

= -p 2 13.6 + p 2 ljiS%V%p 2 2.68 eV. 



(B.78) 




B.L3. VibffifoWbf hydrogen-type molecular ions 

An oscilTatkig charge r 0 (0 — ojot has a Fourier spec* 
trum. 



J^% ; ^^(A cos ^){5[o> - (m + 1 )«*>] 



|F2 

+^[(t>-(m- 1)0*]}, 



(B.79) 



ere are Bessel functions of order m. These Fourier 
omponents can, and do, acquire phase velocities that 
are equal to the velocity of light [37]. The protons of 
hydrogen-type molecular ions and molecules oscillate as 
simple harmonic oscillators; thus, vibrating protons will 
radiate. Moreover, nonosci Hating protons may be excited 
by one or more photons that are resonant with the oscilla- 
tory resonance frequency of the molecule or molecular ion, 
and oscillating protons may be further excited to higher 
energy vibrational states by resonant photons. The energy 
of a photon is quantized according to Planck's equation 



E = hco = h-. 



(B.80) 



The energy of a vibrational transition corresponds to the 
energy difference between the initial and final vibrational 
states. Each state has an electromechanical resonance fre- 
quency, and the emitted or absorbed photon is resonant with 
the difference in frequencies. Thus, as a general principle, 
quantization of the vibrational spectrum is due to the quan- 
tized energies of photons and the electromechanical reso- 
nance of the vibrationally excited ion or molecule. 

It can be shown that a perturbation of the orbit determined 
by an inverse-squared force results in simple harmonic 



25 



= 16.28 eV. 

The bond dissociation energy, 2Td, is the olfferel^ between 

the total energy of the corresponding hycft^gen at8m or hy- 27 

drino atom and Ej j0^%^4k^ 



29 



31 



33 
35 
37 
39 
41 

43 
45 
47 
49 
51 



1HE 13151 



ARTICLE IN PRESS 



R.L Mills, P. RayllnternationalJoumal of Hydrogen Energy III fillip Ill-Ill 



19 



In other words, the surface density at any point on a charged 
ellipsoidal conductor is proportional to the perpendicular 
distance from the center of the ellipsoid to the plane tangent 
to the ellipsoid at the point. The charge is thus greater on the 
more sharply rounded ends farther away from the origin. 

In the case of hydrogen-type molecules and molecu- 
lar ions, rotational symmetry about the intemuclear axis 
requires that two of the axes be equal. Thus, the MO is 
a spheroid, and Eq. (B.36) can be integrated in terms of 
elementary functions. If a > b = c, the spheroid is prolate, 
and the potential is given by 



is the parametric equation of the ellipse of the geodesic. If 
a(f) denotes the acceleration vector, then 



a(/)=-a> 2 r(0. 



(B.52) 



In other words, the acceleration is centripetal as in the case 
of circular motion with constant angular speed u>. The cen- 
tripetal force, F c , is 



F c = ma = — mv) 2 r(t). 



(B.53) 



I 



v^T^ 7 +y/a 2 -b 2 
8tt£o y/a 2 - b 2 "' VFTa 2 - Jo 2 -b 2 ' 



In 



(B.45) 



Recall that nonradiation results when w = constant given by 
Eq. (B.30). Substitution of co given by Eq. (B.30) into Eq. 
(B.53) gives J? 



Spheroidal force equations electric force. The spheroidal 
MO is a two-dimensional surface of constant potential given 
by Eq. (B.45) for <f = 0. For an isolated electron MO the 
electric field inside is zero as given by Gauss* Law 



F c = 



r(0 = 



m e a 2 P 



UdA=U 
Js Jv * 



A ..,^-^(B.54) 

where D is the distance from the origin toy^e tangent plane 
as given by Eq. (B.43). If X is deMeb^^follows: 



dK, 



(B-46) 



55) 



where the charge-density, p, inside the MO is zero. Gauss' 
Law at a two-dimensional surface is 



■ ( Ei - E 2 ) = — 



(B.47) 



Then, it follows from Eqs. (B138), (B.44), (B.48), and 
(B.50) that 



E 2 is the electric field inside which is zero. The electric field 
of an ellipsoidal MO is given by substituting a given by Eq. 
(B.38) and Eq. (B.39) into Eq. (B.47) 
1 



D = 2ab 2 X4? 



(B.56) 



E= — = — i 

EO 47T£0 V^-T/XC-Q 

The electric field in spheroid coordinates is 
1 



(B.48) 



87reo >/c + a 2 yfl 



J 1 / P - 1 



From Eq. (B.30), the magnitude of the ell 
responding to a below "ground state" 
ular ion is an integer. The integer is 
hydrogen molecular ion and an ii 
the case of each dihydrino molecular 
trie force from the two protons, is 

IT - 1 i ^ 1 




J^A^mrcj0alance of hydrogen-type molecular ions 
^^Jtorce^alSnce between the electric and centripetal forces 



(B.57) 



iheCtb 2 47t£o 

which has the parametric solution given by Eq. (B.5 1 ) when 

(B.58) 



(B.50) 



where p is one foWthe nyBrogen molecular ion, and p is 
an integer greater thanTone for each dihydrino molecule and 
molecular i6n> 

Centripetal force. Each infinitesimal point mass of the 
electron MO moves along a geodesic orbit of a spheroidal 
MO in such a way that its eccentric angle, 0, changes at a 
constant rate. That is 9 = oyt at time t where to is a constant, 
and 



Bl.2. Energies of hydrogen-type molecular ions 

From Eq. (B.30), the magnitude of the elliptic field corre- 
sponding to a below "ground state" hydrogen-type molecule 
is an integer, /?. The potential energy, K e , of the electron 
MO in the field of magnitude p times that of the protons at 
the foci (C = 0) is 



-4/je 2 



a + Vgt-b 2 

ZneoVa 2 - b 2 1,1 a - yja 2 - b 2 * 



In 



where 



ja 2 -b 2 = c 



(B.59) 



(B.60) 



r(/) = \a cos <ot -4- \b sin (Ot 



(B.51) 



2c' is the distance between the foci which is the intemuclear 
distance. The kinetic energy, 7\ of the electron MO is given 
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1 where n is an integer and where 



(B.29) 



is used in the elliptic integral E of Eq. (B.28). Applying 
Eqs. (B.28) and (B.29), the relationship between an allowed 
angular frequency given by Eq. (B.24) and the photon stand- 
ing wave angular frequency, a>, is 
nh h ft 1 

— 7 = r~ ~ 7T = "T^t = °>»> (B .30) 

m e A m t na\nb\ m e a„b„ n 2 

where n = 1 , 2, 3, 4, . . . 
n _ i i i 

ci>i is the allowed angular frequency for n = 1, a\ and b\ are 
the allowed semi major and semiminor axes for n— 1. 

Let us compute the potential of an ellipsoidal MO which 
is equivalent to a charged conductor whose surface is given 
by Eq. (B.26). It carries a total charge q> and we assume 
initially that there is no external field. We wish to know the 
potential, and the distribution of charge, <r, over the con- 
ducting surface. To solve this problem a potential function 
must be found which satisfies Eq. (B.27), which is regular 
at infinity, and which is constant over the given ellipsoid. 
Now c is the parameter of a family of ellipsoids all confocaJ 
with the standard surface C — 0 whose axes have the speci- 
fied values a, b y c. The variables C aid rj are the parameters 
of confocal hyperboloids and as such serve to measure po- 
sition on any ellipsoid £ = constant. On the surface £ = 0; 
therefore, <f> must be independent of £ and rj. If we can find 
a function depending only on f which satisfies Eq. (B.27) 
and behaves properly at infinity, it can be adjusted to repre- 
sent the potential correctly at any point outside the ellipsoi 

c = o. 

Let us assume, then, that (f> = <p(Q. The Laplacian reduces 
to ** 



%(B.3I) 




(B.32) 



which on integration leads to 

«,=c,jf-S. 

where C\ is an arbitrary *fgnstanfe The choice of the upper 
limit is such as to efWe^e^^per behavior at infinity. 
When <: t>ecomes^Q^m^^^ approaches £ 3/2 and 

(B.33) 

On the other Harid^ the equation of an ellipsoid can be written 
in the form 



1 + a 2 h 



z + • 



(B.34) 



If r 2 = .r 2 + _v 2 + v is the distance from the origin to any 
point on the ellipsoid £, it is apparent that as t becomes very 



large I —* r 2 and hence at great distances from the origin 

(B.35) 



a 2Cl 
<p ~ . 

r 

The solution Eq. (B.32) is, therefore, regular at infinity. 
Moreover, Eq. (B.35) enables us to determine at once the 
value of C| ; for it has been shown that whatever the distri- 
bution, the dominant term of the expansion at remote points 
is the potential of a point charge at the origin equal to the 
total charge of the distribution — in this case q. Hence 
C) = q/$7t€o, and the potential at any point is 



<t>(0 



(B.36) 



The equipotential surfaces are the ellipsoids constant. 
Eq. (B.36) is a elliptic integral and its values rt&Ve been 
tabulated [38]. ;4 ^ . r ; 

To obtain the normal derivative we must remember that 
distance along a curvilinear coordinate i»A is^measured not 
by du 1 but by h\du l . In ellipsoidal coordinates 



2 — r< — 



i 



(B.37) 
(B.38) 



S<f> _ 1 3<t> _ — q*& 

The densit)pof charge, a t over the surface c = 0 is 

.^l^min^^^z in terms of f , n y C we put c = 0, it may be 
easift^ verified that 

0? 




a 2 b*c 2 



(C = 0). 



(B.40) 



Consequently, the charge-density in rectangular coordinates 
is 



(B.4I) 



(The mass density function of an MO is equivalent to its 
charge-density function where m replaces q of Eq. (B.4I )). 
The equation of the plane tangent to the ellipsoid at the point 
^o, yo.ro is 



a 2 b 2 c 2 



(B.42) 



where X,Y y Z are running coordinates in the plane. After 
dividing through by the square root of the sum of the squares 
of the coefficients of X, and Z, the right member is the 
distance D from the origin to the tangent plane. That is 

1 (B.43) 



so that 

4nabc^ 
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] where the eccentricity, e, is 
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/2 

1 + 2Em—k- 2 



1/2 



(B.19) 



Eq. (B.19) permits the classification of the orbits according 
3 to the total energy, £, as follows: 

E < 0, e < 1 closed orbits (ellipse or circle), 

£ = 0, e=l parabolic orbit, 

E > 0, e > 1 hyperbolic orbit. 

Since E = T + V and is constant, the closed orbits are those 
5 for which T < \ V\, and the open orbits are those for which 

T ^ | V\. It can be shown that the time average of the kinetic 
7 energy, (T}> for elliptic motion in an inverse-squared field 

is 5 mat of the time average of the potential energy, (K). 

9 <r) = i(F>. 

As demonstrated in the One Electron Atom section of 
Mills [1], the electric inverse-squared force is conservative; 
thus, the angular momentum of the electron, ft, and the 
energy of atomic orbitspheres (orbitsphere refers to the 
function which represents the bound electron) is constant. In 
addition, the orbitspheres are nonradiative when the bound- 
ary condition is met. 

The central force equation, Eq. (B.14), has orbital solu- 
tions which are circular, elliptic, parabolic, or hyperbolic. 
The former two types of solutions are associated with atomic 
and molecular orbitals. These solutions are nonradiative. 
The boundary condition for nonradiation given in the One 
Electron Atom section, is the absence of components of the 
space-time Fourier transform of the charge-density function 
synchronous with waves traveling at the speed of light. The0 
boundary condition is met when the velocity for every points 
on the orbitsphere is ! % 

t>„ = — - r .../tBs20>.* 

The allowed velocities and angular frequenc^^a|^'rHated 
tor„by ^Sfak ^ 



v n = r„(O n 



m € ri' 

As demonstrated in the 
Eq. (B.22), this condf 
a radial Dirac del& ^ 
where the angular rreguei 
Eq.(B.22^. %^ 




(On = 



m<r- n 



(B.21) 



(B.22) 

|e Ele^ron Atom section and by 
tor the product function of 
and a time harmonic function 
Sy, <d, is constant and given by 

(B.23) 



where L is the angular momentum and A is the area of the 
closed geodesic orbit. Consider the solution of the central 
force equation comprising the product of a two-dimensional 
ellipsoid and a time harmonic function. The spatial part of 
the product function is the convolution of a radial Dirac delta 



function with the equation of an ellipsoid. The Fourier trans- 
form of the convolution of two functions is the product of 
the individual Fourier transforms of the functions; thus, the 
boundary condition is met for an ellipsoidal-time harmonic 
function when 

o)„ = — = (B.24) 

m e A m e ab 

where the area of an ellipse is 



A = nab y 



(B.25) 



where 2b is the length of the semiminor axis and 2a is the 
length of the semimajor axis. The geometry of molecular 
hydrogen is elliptic with the internuclear axis as the prin- 
cipal axis; thus, the electron orbital is a two-dtmensional 
ellipsoidal-time harmonic function. The; mass follows 
geodesies time harmonically as determined by the central 
field of the protons at the foci. Rotatipnal^mavc^ about 
the internuclear axis further determines tnat the orbital is a 
prolate spheroid. In general, ellipsoidal orbits of molecu- 
lar bonding, hereafter referred to as ellipsoidal molecular 
orbitals (MOs), have the generaf equation 

- 2 v 2 * 2 



a- tt C~ -■ ;,y:..- 

The semiprincrpal axes of the ellipsoid are a y b,c. 
In ellipsoidal coordinates the Laplacian is 



(B.26) 



(n 



(B.27) 



„##f) +,t -»*4(^) 

Ah ellipsoidal MO is equivalent to a charged conductor 
:^hose surface is given by Eq. (B.26). It carries a total charge 
q, and its potential is a solution of the Laplacian in ellip- 
soidal coordinates, Eq. (B.27). 

Excited states of orbitspheres are discussed in the Excited 
States of the One Electron Atom (Quantization) section. In 
the case of ellipsoidal MOs, excited electronic states are 
created when photons of discrete frequencies are trapped 
in the ellipsoidal resonator cavity of the MO. The photon 
changes the effective charge at the MO surface where the 
central field is ellipsoidal and arises from the protons and 
the effective charge of the "trapped photon 7 * at the foci of 
the MO. Force balance is achieved at a series of ellipsoidal 
equipotential two-dimensional surfaces confocal with the 
ground state ellipsoid. The "trapped photons'* are solutions 
of the Laplacian in ellipsoidal coordinates, Eq. (B.27). 

As is the case with the orbitsphere, higher and lower 
energy states are equally valid. The photon standing wave 
in both cases is a solution of the Laplacian in ellipsoidal 
coordinates. For an ellipsoidal resonator cavity, the 
relationship between an allowed circumference, 4«£, and 
the photon standing wavelength, X, is 

4aE = nX y (B.28) 
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1 these states via a nonradiative energy transfer. Substantial 

experimental evidence exists that supports the existence of 
3 this novel hydrogen chemistry and its applications [7-27]. 

Laboratory experiments that confirm the novel hydrogen 
5 chemistry include EUV spectroscopy [7-18], characteristic 

emission from catalysis and the hydride ion products [8,9], 
7 lower-energy hydrogen emission [7-9], plasma formation 

[8,9,12-14,16-18], Balmer a line broadening [10], anoma- 
9 lous plasma afterglow duration [16,17], power generation 

[10,1 1,18], and analysis of chemical compounds [19-25]. 



Appendix B The nature of the chemical bond of 
hydrogen-type molecules and molecular ions 



Two hydrogen atoms react to form a diatomic molecule, 
the hydrogen molecule 

2H[a H ]-H 2 [2c / = v/2 ff0 ], (B.l) 

where 2c' is the internuclear distance. Also, two hydrino 
atoms react to form a diatomic molecule, a dihydrino 
molecule 



(B.2) 



where p is an integer. 

Hydrogen molecules form hydrogen molecular ions when 
they are singly ionized 

H 2 [2c' = xftao) - H 2 [2c' = 2a 0 ) + + e~. (B.3) 

Also, dihydrino molecules form dihydrino molecular ionsjf* 
when they are singly ionized ^ 



23 B. J. Hydrogen-type molecular ions 



Each hydrogen-type molecul 
and an electron where the equat 
is determined by the centffllT&i 
proton at each focus (p 
ion, and p is an intej 
molecular ion). J 
case of a central fiWare^ 




m(2f$+r6) = 0. 



two protons 
of the electron 

p times that of a 

the hydrogen molecular 
one for each dihydrino 
equations of motion in the 

(B.5) 
(B.6) 



where L is the angular momentum (A in the case of the 
electron). The central force equations can be transformed 35 
into an orbital equation by the substitution, t/=]/r. The 
differential equation of the orbit of a particle moving under 37 
a central force is 



(B.8) 



Because the angular momentum is constant, motion in only 39 
one plane need be considered; thus, the orbital equation is 
given in polar coordinates. The solution of Eq. (B.8) for an 41 
inverse-squared force 



r = r 0 



1 +e 



e = A 



1 + ecos0* 

mLr/m 2 
it * 

mL 2 /nr 

WT7y 



■C^ B - 9) 

;^ (B.10) 

(aii) 

(B.12) 



(B.I3) 



(B.14) 

Substitution of the variable u= 1/r and Eq. (B.7) into Eq. 
(B.14) gives the orbital energy equation 

5* W [(w) + K <»~'> = £ (B.15) 

Because the potential energy function V{r) for an 
inverse-squared force field is 



31 The second or transverse equation, Eq. ( A.6), gives the result 
that the angular momentum is constant 



33 r 2 0 = constant = l/m y 



(B.7) 



r 

the energy equation of the orbit, Eq, (B.15), 

which has the solution 

r _ m(I 2 /m 2 )*-' 

I + [1 + 2£m(L-7/^)*-2] , ' 2 cos0' 



(B.16) 



(B.l 7) 



(B.18) 



43 



where e is ^ eccentricity of the ellipse and A is a constant. 

The equation of motion due to a central force can also be 45 

expressed I in teib^bf the energies of the orbit. The square 

of elsgeed in polar coordinates is 47 



Since a central force is conservative, the total energy, E, is 
.e^ual to the sum of the kinetic, T, and the potential, K, and 49 
is constant. The total energy is 

\m{r 2 + r 2 9 2 ) + V(r) = E = constant. 
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Appendix A. Introduction 1 

A theory of classical quantum mechanics (CQM), de- 

3 rived from first principles, successfully applies physical laws 
on all scales [1], The classical wave equation is solved with 

5 the constraint that a bound electron cannot radiate energy. 
The mathematical formulation for zero radiation based on 

7 Maxwell's equations follows from a derivation by Haus 
[37]. The function that describes the motion of the elec- 

9 tron must not possess spacetime Fourier components that 
are synchronous with waves traveling at the speed of light. 

1 1 CQM gives closed form solutions for the atom including 
the stability of the n - 1 state and the instability of the ex- 

13 cited states, the equation of the photon and electron in ex- 
cited states, the equation of the free electron, and photon 

1 5 which predict the wave particle duality behavior of par- 
ticles and light The current and charge density functions 

17 of the electron may be directly physically interpreted. For 
example, spin angular momentum results from the motion 

19 of negatively charged mass moving systematically, and the 
equation for angular momentum, rxp, can be applied di- 

21 rectly to the wave function (a current density function) that 
describes the electron. The magnetic moment of a Bohr 

23 magneton, Stem Gerlach experiment, g factor, Lamb shift, 
resonant line width and shape, selection rules, correspon- 

25 dence principle, excited states, reduced mass, rotational en- 
ergies, and momenta, orbital and spin splitting, spin-orbital 

27 coupling, Knight shift, and spin-nuclear coupling, ionization 
of two electron atoms, inelastic electron scattering from he- 

29 Hum atoms, and the nature of the chemical bond are derived 
in closed form equations based on Maxwell's equations. The 

3 1 calculations agree with experimental observations. j 

A.l. Classical quantum theory ^# , '■■ 

33 One-electron atoms include the hydrogen 

Li 2+ , Be 3+ , and so on. The mass-energy an^^jtiia^irio^ 

35 mentum of the electron are constant; this^r^ur|fe that the 
equation of motion of the electron be^|e1mr^r^I>^nd spa- 

37 tially harmonic. Thus, the classical wa%^ulrti6n applies 
and 

39 where p(r, 0, /) is trfe cfiargejje nsity function of the elec- 
tron in time and, :S|ja^e^u> general, the wave equation has 

41 an infinite nunl^rWjsbrutions. To arrive at the solution 
which representee electron, a suitable boundary condition 

43 must be imj&$ed. jjr is well known from experiments that 
each single atormc electron of a given isotope radiates to 

45 the same stable state. Thus, Mills chose the physical bound- 
ary condition of nonradiation of the bound electron to be 



imposed on the solution of the wave equation for the charge 
density function of the electron. The condition for radiation 
by a moving point charge given by Haus [37] is that its 
spacetime Fourier transform does possess components that 
are synchronous with waves traveling at the speed of light. 
Conversely, it is proposed that the condition for nonradiation 
by an ensemble of moving point charges that comprises a 
charge density function is 

For non-radiative states, the current-density function 
must NOT possess spacetime Fourier components that 
are synchronous with waves traveling at the speed of 
light. 

The Haus derivation applies to a moving charge-density 
function as well because charge obeys superposition. 

From the application of the nonradiative boundary 'condi- 
tion, the instability of excited states as wejfcas the stability 
of the "ground" state arise naturally in the Mills! theory as 
derived in Stability of Atoms and Hy.o^n^Secdbn [1]. In 
addition to the above known states Mof hydrogen (Eq. ( I ), the 
theory predicts the existence of a pjreyiousiy unknown form 
of matter, hydrogen atoms and molecules having electrons 
of lower energy than the coayentibrial "ground" state, called 
hydrinos and dihydrinos^c^pectrvdy, where each energy 
level corresponds to a fractionaiquantum number. 

The central field of the proton corresponds to integer one 
charge. Excited states comprise an electron with a trapped 
photon. In all energy states of hydrogen, the photon has an 
electric field which superposes with the field of the proton. 
In the /i = 1 state, the sum is one, and the sum is zero in the 
ionized state. In an excited state, the sum is a fraction of one 
: ( ite. between zero and one). Derivations from first principles 
> given by Mills demonstrate that each "allowed"' fraction cor- 
responding to an excited state is 1 /integer. The relationship 
between the electric field equation and the "trapped pho- 
ton" source charge-density function is given by Maxwell's 
equation in two dimensions 



n • (E| - E:) = — , 



(A.ii) 



1 All other sections than those given in this Appendix and equa- 
tions of the type#.# correspond to those given in reference one. 



where n is the radial normal unit vector, Ei = 0 (Ei is the 
electric field outside of the electron), E 2 is given by the total 
electric field at r a = na», and a is the surface charge-density. 
The electric field of an excited state is fractional; therefore, 
the source charge function is fractional. It is well known 
that fractional charge is not "allowed". The reason is that 
fractional charge typically corresponds to a radiative current 
density function. The excited states of the hydrogen atom 
are examples. They are radiative; consequently, they are not 
stable. Thus, an excited electron decays to the first non- 
radiative state corresponding to an integer field, n= 1 (i.e. 
a field of integer one times the central field of the proton). 

Equally valid from first principles are electronic states 
where the magnitude of the sum of the electric field of the 
photon and the proton central field are an integer greater 
than one times the central field of the proton. These states 
are nonradiative. A catalyst can effect a transition between 
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Table 2 

Continued. 



Observed line 


Predicted 


P 


Assignment Mills 


Ret. 


Assignment 


wave number 


Mills 


Eq. (B.2) 


Transition J + 1 




(other) 


(cm"') 


(cm-')Eq. (27) 




to J Eq. (27) 






5812.7 


5812.9 


7 


1-0 


[34] 


None 


7592.2 


7592.3 


8 


1-0 


[33] 


None 


7592.6 


7592.3 


8 


1-0 


[34] 


None 


60,124 


60,142 


13 


3-2 


[36] 


Fe(II) 


69,783 


69,750 


14 


3-2 


[36] 


None 


53,362 


53^81 


15 


2-1 


[36] 


Active region 








unidentified 


80,038 


80,071 


15 


3-2 


[36] 


None* 


60,710 


60,735 


16 


2-1 


[36] 


Active region 
ih^eooned 


68,582 


68,564 


17 


2-1 


[36] 




76,869 


76,868 


18 


2-1 


[36] 





1 by Brault et aJ. at Kitt Peak National Observatory [34], M. 
Migeotte made at Jungfraujoch International Scientific Sta- 

3 tion of Switzerland [35], and Cohen [36] recorded on Sky- 
lab with the NRL's Apollo Telescope also appear in Table 

5 2. The frequency corresponding to the J + I to J rotational 
transition of the dihydrino molecule (Eq. (B.251) where p 

7 is an integer which corresponds to n = \jp, the fractional 
quantum number of the hydrogen-type molecule) are given 

9 in Table 2. The assignment of additional lines to rotational 
transitions of lower-energy hydrogen molecules was limited 
] 1 by the range of the spectrum, the weakness of the spectrum 
in certain regions, and strong atmospheric components in 
13 some regions. The intensity of these forbidden lines sup- 
ports the possibility of a substantial abundance of dihydrino^ - 
^ molecules in the Sun. ^ 



4. Conclusion sJQ~.' 

17 Transitions to fractional quantum energy ; s were 
previously recorded on microwave an^jpo'^^iic^arges of 

19 helium with 2% hydrogen. Novel emTs^#itnV were ob- 
served with energies of q 1 3.6 eV w#£te&i|^2, 3, 4, 6, 7, 8, 9, 

21 or 11 or these lines inelasti||lly scattered by helhim 
atoms wherein 212 eV wa^^sotbe^in the excitation of 

23 He (Is 2 ) to He (Is^p'^rEyyliiies that could be as- 
signed to transitions^ at^ic^ jfrdrogen to lower energy 

25 levels coirespond^g tc^fccW^I principal quantum num- 
bers were alsg j^ifeu^^ recorded at the Institut fur 

27 Niedertemr^ran%P^iaphysik e.V. [15]. Novel hydride 
compound^Syere previously reported as final stable prod- 

29 ucts of the catafysfe reaction with alkaline or alkaline earth 
metals or halides as reactants [19-25]. We report that a 

31 novel molecular ion corresponding to the diatomic hydrino, 
dihydrino molecular ion, was observed when noble gas 

33 ions Ar + or He + served as catalysts. Ar + may serve as 
a catalyst to form H(|). The products of the He + cataly- 

35 sis reaction H(|) may further serve as catalysts to form 



and H(i). H(l//?) may reap witft% proton to form 
an excited state molecular ion : H|^^pihat k has a bond 
energy and vibrational le^ls U«tf ju^/J 2 times those of 
the molecular ion comprisi%^cata^ed atomic hydrogen 
where p is an integer ^^. irfe excited state spectrum of 
}ft[n=\\n* =2] + wasjiredicted to comprise rotationally 
broadened vibrational r%isitions at 1.185 eV increments 
that terminated at about the dissociation limit of H 3 [n = \ ] + , 
Eo = 42,88 eV(28.92 nm). EUV spectroscopy was recorded 
on microwave ^discharges of argon or helium with 10% 
h^4^^4n, the region 10-65 nm. Novel emission lines 
^n^is re^wn were assigned to the v— 17-38 vibrational 
^ transitions of HJ [n = | ; n* = 2] + with energies t; 1.1 85 eV 
that terminated at about 28.9 nm. Furthermore, astrophysi- 
cJU data was reviewed, and fractional molecular hydrogen 
.'■^rotational transitions were assigned to previously unidenti- 
fied lines in the Solar coronal spectrum that matched theo- 
retical predictions to five figures. Fractional hydrogen tran- 
sitions were previously assigned to lines in the Solar EUV 
spectrum which may resolve the solar neutrino problem, the 
mystery of the cause of sunspots and other solar activity, 
and why the Sun emits X-rays [7]. In addition to producing 
power on the Sun, the catalysis of hydrogen represents a 
new powerful energy source with the potential for direct 
conversion of plasma to electricity with the production of 
novel compounds [26,27]. Helium or argon as the source 
of catalyst with the formation of stable hydrogen-type 
molecules offers the possibility of room temperature opera- 
tion with a gaseous product which may be ventable. 
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Table 2 

The J + I to J rotational energy of Solar dihydrino molecules 

Observed line Predicted p 

wave number Mills Eq. (B.2) 

(cm-') (cm-^Eq. (27) 



Assignment Mills Ref. Assignment * 

Transition J + ! (other) 
to J Eq. (27) 



1898.2 


1898.1 






2 


4-3 


1331 


CO, Av = 1 peak 


1897.9 


1898.1 






2 


4-3 


1341 


None 


1894.4 
















1 QOfl 1 
I 070. 1 


1898.1 






2 


4-3 


1351 


^olar in nrioin 
CCi 




9047 1 

ZOH /.I 






2 


V -J 


pjj 


None 


zo** 1 . f 


0JM7 1 






z 


0— J 




None 


2847.1 


Z54/.I 






z 


0—3 




(leuunc) 


3322 


332 1 .6 






■7 
z 


/— O 


mi 
[33J 


iNone^gjr <^ 


3320.4 


3321.6 






2 


7-6 


[34J 


INone 


3322 
















3321.6 


3321.6 






2 


7-6 


[35J 


g|Solar tfr origin 
^^ot ulgBnnea 


4270.8 


4270.7 






2 


9-8 




t^C^^Sv = 2 peak 


4270.7 


4270.7 






2 


9-8 




^one 


4745.3 


4745.2 






2 


10-9 




. v ^'None 

O3 (telluric) 


1067.7 


1067.7 






3 


1-0 


.,.-f35Kt^ : 


2135.3 


2135.3 






3 


2-1 


. .. [3?J & 


CO, Av = 1 peak 


2135.5 


2135.3 






3 


2- J 


• ; '% fok 


None 


2135.3 


2135.3 






3 


2-1 


■ A [35] 


CO (telluric) 


3203.1 


3203.0 






3 


3-2 


[34] 


None 


3203.0 


3203.0 






3 


3-2 . 


[35] 


Not identified 


4270.8 


4270.7 






3 


4-3 v^i 


[33] 


CO, Av = 2 peak 


4270.7 


4270.7 






3 


4-3 Al ,.<■ 


[34] 


None 


6406.18 


6406.0 






3 




[33] 


Ni, 6406. 18 


6406.2 


6406.0 






3 




[34] 


None 


7473.7 


7473.7 






3 




[34] 


None 


8540.9 


8541.4 






3 ^ 


'fez. 


[34] 


None 


8542.3 










O -'--J-;; 






1898.2 


1898.1 






4 : 4\ 


#1-0 


[33] 


CO, Av= 1 peak 


1897.8 


1898. 1 






4 "C% ; ,, 




[34] 


None 


1898.4 
















5693.8 


5694.2 






.4.-*. 


3-2 


[33] 


None 


5693.7 


5694.2 




A 




3-2 


[34] 


None 


5694.4 
















7592.2 


7592.3 








4-3 


[33] 


None 


7592.6 


7592.3 




-€.^ 




4-3 


[34] 


None 


9490.5 


9490.4 




^ 




5-4 


[34] 


None 


2967.12 


2965.8 


C 




5 


1-0 


[33] 


None 


2965.7 


2965.8 


M 


5 


1-0 


[34] 


None 


2966 


29fe.8 












2965.8 






5 


1-0 


[35] 


H 2 0,2v 2 
(telluric) 


5931.3 








5 


2-1 


[33] 


None 


5931.5 


.... "€r ; 593&5 






5 


2-1 


[34] 


None 


8896.7 


■••^..%8897.3 






5 


3-2 


[33] 


None 


8897.3 4* 


"% 8897.3 






5 


3-2 


[34] 


None 


4270.8 1 


^. J' : : 4270.7 






6 


1-0 


[33] 


CO, Av ~ 2 peak 


4270.7 


"'h'^ 4270.7 






6 


1-0 


[34] 


None 


8540.9 


8541.4 






6 


2-1 


[34] 


None 


8542.3 
















5812.26 


5812.9 






7 


1-0 


[33] 


Fe at 5812.26 


5814.2 














None 



12 



ARTICLE IN PRESS 



&L Mills, P. Ray I International Journal of Hydrogen Energy III (tm) Ill-Ill 



11 



13 



15 



17 



19 



21 



23 



25 



27 




Wavelength (nm) 

Fl £i l2 * 71)6 EUV s P ectram < 25 "* 2 ran) of the helium-hydrogen 
(]o%) microwave cell emission recorded with 0.1 nm increment 
of the McPherson 4° grazing incidence EUV spectrometer. A 
series of 0.5 eV wide Gaussian-shaped peaks were observed in the 
spectral region 27-55 nm that were assigned to the t = 19,21-33, 
35-38 vibrational transitions of HJ[n=±; n* =2] + with ener- 
gies o I.I 85 eV as given m Table 1. The intense continuum peak 
at 28 nm that terminated the series was assigned to the dissocia- 
tion energy of H 2 [/i= Other peaks in the helium-hydrogen 
plasma that covered some of the vibrational peaks shown in 
Fig. 7 were assigned to He I and He II as shown in Fig. 6. 

The latter reaction was confirmed by the intense peak ob- 
served at 45.6 nm corresponding to q 13.6 eV where q = 2. 
As in the case of the Ar + catalyst, W(\) may react with a-,: 
proton to form HJ \n = \ ; n* = 2] + . f 
The series of vibrational peaks from the argon-hydrogen^ 
plasmas shown in Figs. 7-11 were also observed wiifh the 
helhim ion catalyst. The EUV spectrum (25^1nrn>i 00 
the helium-hydrogen (fg%) microwave cell e^issK>n wi!n 
wavelengths assignments is shown in Fig, ffcfne^EUV 
spectra (27-64 nm) of the microwave ^I^emi^sion from 
three helium-hydrogen (fjj%) plasma^wi^^ additional 
control xenon-hydrogen microw^^j^tiarge cell emis- 
sion are shown in Fig. 13. Eac| , heln^-hydrogen exper- 
iment was performed inde^f^efl|l^o^ separate days. In 
each case, the series of O^eV wide daussian shaped peaks 
were observed in thefcsp&ral r||ion 27-55 nm that were 
assigned to the i>^9;%^#-38 vibrational transitions 
of HJ[/i= i;/rt = ^^Sfeenergies pi. 1 85 eV as given in 
Table 1. The infensS^ontinuum peak at about 28 nm that 
terminated'the sernps was assigned to the dissociation en- 
ergy of H 2 [*%£j$' The series of 1.185 eV peaks were not 
observed from the xenon-hydrogen control shown in Fig. 
13 or the other controls shown in Figs. 2-4, and 6. Hydro- 
gen has no emission in this region as shown in Fig. 4. Other 
peaks in the helium-hydrogen plasma that covered some 
of the vibrational peaks shown in Fig. 7 were assigned to 
known intense He 1 and He II peaks as shown in Fig. 6. In 
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Fig 13. Three repeatable EUV sr^eto,|2%^^5) 0 f the 
microwave cell emission from he1iu#hyd?o-gen V G^) plasmas 
that were equivalent to the spectrum sr%wn in ||. 12 with an addi- 
tional control xenon-hydrogen,r^ cell emission 
that was recorded with a 4° |^ing%dence EUV spectrometer 
and a CEM. No emissio^was- ^feerved in this region from the 
control. ,4;J' S ' '0: 

each case, the?2^ order was extremely intense which cor- 
responded ^the observed high intensity of the plasma. 

Excited I^||^ithydrino molecular ions other than 
H ^^£** are predicted to emit outside the mea- 
0^ ^^#^ e 8 ion at shorter wavelengths, and additional 
f vfetionaFfransitions of H 2 > = =2] + are predicted 
p- at longer wavelengths as given in Table 1. 

: :f j&- Identification of dihydrino molecules by the 
assignment of infrared line emissions from the Sim to 
rotational transitions 

The rotational transition energies of lower-energy mole- 
cular hydrogen match closely certain spectral lines obtained 
by Livingston and Wallace [33] using the 1-m Fourier Trans- 
form Spectrometer at the McMath telescope on Kitt peak for 
which no other satisfactory assignment exists. Livingston 
and Wallace combined infrared solar spectra at different air 
masses to obtain a solar spectrum in the infrared from 1 850 
to 9000 cm'^I. 1-5.4 nm) corrected for atmospheric ab- 
sorption by a point-by-point extrapolation to zero air mass. 
The spectra were obtained at disk center. The observed 
region was free of sunspots, and a I-m out-of-focus image 
(~ 40 arc-sec diameter area) assured that any surface veloc- 
ity and brightness structure was averaged over. The spectra 
band width was set at long wavelengths (~ 5.4 urn) by the 
response of the InSb detectors and at the short wavelength 
end (~ I.I urn) by a silicon filter. The infrared lines cor- 
rected for atmospheric absorption that match the rotational 
transitions of lower-energy molecular hydrogen are given 
in Table 2. Similar observations of spectral lines obtained 
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40 

Wavelength (nm) 



Fig. 9. The three matching EUV spectra (20-60 ran) of the mi- 
crowave cell emission from argon-hydrogen (^) plasmas that 
were equivalent to the spectrum shown in Fig. 7. 




Fig. 11. The three repeat able EUV spectra (2(fe60 nmj|bf the mi- 
crowave cell emission from argon-hydrpg^n^^^ptiE^^ 135 shown 
in Fig. 8 wherein the vibrational emission dofm^ated the electronic 
emission. A fourth repeat spectrum sffgws otjgr peaks that were 
assigned to Ar I and Ar II as sjftwnfcin Fig^5r 



C 2000 




40 50 

Wavelength (nm) 



in Fig. 8 with an additional control xenoi 
discharge cell emission that was recorded 
dence EUV spectrometer and a CENfePf&i 
in this region from the control. 10 




mi- 



Fig. 10. The three repeatable EUV spectra (27-6C^n)^J|^ 
crowave cell emission from argon-hydrogen {-^Q jS^nas'stfewn 

gen microwave 



gazing inci- 
was observed 



transitions of HJ [n n$$~ 2]|f with energies t?J.185eV 
that terminated ai jbcr^^^nm. There is remarkable 
agreement c^rwee^^e^rwJtcted vibrational energies and 
the observed Imes/The unique continuum peak at about 
28 nm wasvithe rrioSt intense and terminated the series of 
peaks at the p^Jicted dissociation energy of H2[n = 
Thus, this peak was assigned to the dissociation energy of 
H 2["= The zero ordeT was extremely intense which 
corresponded to the observed high intensity of the plasma. 

The spectrum of the argon-hydrogen plasma given in 
Figs. 7 and 8 was found to be very readily reproducible 
as shown in Figs. 9-11. Fig. 10 shows the region of inter- 



est (27-60 nm) of \$§£}J$ spectra of the argon-hydrogen 13 
plasmas compared to arcadditiona) control xenon-hydrogen 
microwave dij&ftarjge eel remission. The series of 1 . 1 85 eV 15 
peaks werej^oot o^erved from this control or the others 
shown - iSr F\j^2-$ Each argon-hydrogen plasmas exper- 1 7 
imen^aj^erforoed independently on separate days, and 
tb^ sp^Ma^ere essentially identical. The zero order was 1 9 
^xfeemei^Stense which corresponded to the observed high 
inte^y of the plasma. Often the [n = \ ; n* = 2] + vibra- 2 1 
tional emission was so intense that it dominated or absorbed 
fie electronic emission as shown in Fig. 9 compared to 23 
Fig. 11. Other peaks in the latter case were assigned to Ar 
] and Ar 11 as shown in Fig. 5. 25 

The second ionization energy of helium is 54.4 eV; thus, 
the ionization reaction of He + to He 2+ has a net enthalpy of 27 
reaction of 54.4 eV which is equivalent to 2.272 eV. It was 
previously reported that EUV spectroscopy was recorded on 29 
microwave and glow discharges of helium with 2% hydro- 
gen at 1-760 Torr at a flow rate of 5 seem wherein helium 31 
and the product hydrinos served as catalysts [7]. Novel emis- 
sion lines were observed with energies of ^13.6 eV where 33 
q= 1,2,3,4,6,7,8,9, or 11 or these lines inelastically scat- 
tered by helium atoms wherein 21.2 eV was absorbed in 35 
the excitation of He (Is 2 ) to He (Is^p 1 ). H^), the prod- 
uct with He + catalyst, may further serve as a catalyst to 37 
form H( J ) and H( ~ ). The catalysis reaction with He + and a 
favored disproportionation reaction which gives rise to H( \ ) 39 



H[<7h]^H [y ] + 54.4 eV + 54.4 eV, (29) 
H [^] +H [^]-,H[^] + H[^] + 27.2eV. (30) 



10 
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Calculated energies of vibrational transitions of H|[* = \; n* = 2] + and the observed emission lines 
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Vibrational 
quantum 
number o 



Calculated 
emission (nm) 
Eqs. (26) (B.80), 
and (B.119) 



Calculated 

emission (eV) 

Eq. (26) and (B.119) 



Observed 
lines (nm) 



Observed 
lines (eV) 



Difference between 
experimental and 
predicted (eV) 



0 
I 

2 
3 
4 
5 
6 
7 
8 
9 
10 
I) 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37- 
38 



0 

1047 

523.3 

348.9 

261.7 

209.3 

174.5 

149.5 

130.8 

116.3 

104.7 

95.15 

87.22 

80.51 

74.76 

69.78 

65.42 

61.57 

58.15 

55.09 

52.33 

49.84 

47.58 

45.51 

43.6! 

41.87 

40.26 

38.77 

37.38 

36.09 

34.89 

33.76 

32.71 

31.72 

30.78 

29.91 

29.07 

28.29 

27.54 



0 

1.185 
2.370 
3.555 
4.740 
5.925 
7.110 
8.295 
9.480 
10.67 
II 85 
13.04 
14.22 
15.41 
16.59 
17.78 
18.96 
20.15 
21.33 
22.52 
23.70 
24.89 
26.07 
27.26 
28.44 
29.63 
30.81 
32.00 
33.18 
34.37 
35.55 



61.5 
58.1 
55.1 

52.3 jrn^, 

49.8 C "% 





i 



37^ %... W 
39:W^T 
%29%| 



^ W42.6^ 
^ 45.03 




2ir7 

24.9 
26.1 
27.3 
28.4 
29.7 
30.9 
32.0 
33.2 
34.4 
35.5 
36.7 
37.9 
39.1 
40.3 
41.5 
42.6 
43.8 
44.9 



0.02 
0.02 
0.00 
0.02 
0.02 
-0.01 
0.00 
0.0! 
0.05 
0.04 
-0.03 
-0.02 
-0.01 
-0.01 
-0.04 
0.01 
0.02 
-0.02 
0.01 
-0.04 
-0.02 
-0.09 



peaks centered on felatiV^rhcrements in energy of 
1.185 eV termjrii^atlSbout 28 nm. H(l/p) may re- 
act with a pro^ tolfprm an excited state molecular ion 
H 2O//0 + %at h^; a bond energy and vibrational lev- 
els that are >r times those of the molecular ion com- 
prising uncatalyzed atomic hydrogen where p is an 
integer. Ar + may serve as a catalyst to form H{\) which 
may react with a proton to form W[n= \;n* -2] + . From 
Eqs. (26) and (B.119), the energy for the p + I — *■ v 
vibrational transition of H^l" ~ = 2] + is 1.185 eV. 
The increment of the McPherson 4 grazing incidence 



EUV spectrometer was 0.1 nm as described in Section 2. 

The corresponding energy in this spectral region 13 

is about 0.15 eV. The rotational levels given by Eq. 

( 27) could not be resolved since the J + 1 — > J corresponds 1 5 

to 0.03 eV. Thus, the excited state spectrum 

of HJ[/?= =2] + in this region was predicted to 17 

comprise rotational ly broadened vibrational transitions at 

1.185 eV increments (Eq. (26) and Eq. (B.119)) that 19 

terminated at about the dissociation limit of H 2 [/i = £] + , 

E D = 42.88 eV(28.92 nm) (Eq. (25)). In Table 1 ,"the novel 2 1 

emission lines were assigned to the t;= 17-38 vibrational 
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40 50 

Wavelength (nm) 

Fig. 5. The EUV spectrum (27-60 nm) of the control argon 
microwave discharge cell emission that was recorded with a 4° 
grazing incidence EUV spectrometer and a CEM. No emission 
was observed below 45 nm. 




Fig. 7. The EUV spectrum (10-60 nm 
mixture microwave cell emi 

increment of the McPherson 4° grazi 
meter. A series of 0.5 eV 
observed in the spectral re] 
the v = I $-38 vibrationa^t§aasti 
energies ol.!85eV as£gjver$m 



hydrogen 
with 0.1 nm 
ice EUV spectro- 
iped peaks were 
that were assigned to 
with 

e I. The intense continuum 
mated the series was assigned to the 




3 

C 




13 



Fig. 6. The EUV spectrum (20-62 nm) of the com 
wave discharge cell emission that was re cor 
incidence EUV spectrometer and a CEM. Qnj^ km 
of He I and He II were observed. 

€ \ 

of Ar 2 * at 45.6 nm [9]. ^e^sin^;,|ifflssion feature with 
the absence of the otheii^oiTesT^ndmg Rydberg series of 
lines from Ar + confiiJne&ihe resonant nonradiative energy 
transfer of 27.2 e^ : froh^^phii^^diogen to Ar + . The catal- 
ysis product, the tS^^energy hydrogen atom H(|), was 
predicted to be'ajW^r^ reactive intermediate which further 
reacts to form the : novel hydride ion H~(^). This ion was 
observed spectinps^bpically at 407 nm corresponding to its 
predicted binding energy of 3.05 eV. The catalytic reaction 
is given in Section 1 .4. 

The EUV spectra ( 10-60 nm) and (10-65 nm) of the 
argon-hydrogen mixture (f§%) microwave cell emission 
are shown in Figs. 7, and 8, respectively. Ordinary hydrogen 
has no emission in this region as shown in Fig. 4, and no 



Wavelength (nm) 



Fig. 8. The EUV spectrum (10-65 nm) of the argon-hydrogen 
mixture microwave cell emission recorded with 0.1 nm in- 

crement of the McPherson 4° grazing incidence EUV spectrome- 
ter. With an increased spectral range compared to that of Fig. 7, 
an addition peak was observed at 61.5 nm that was assigned to 
the v— 17 vibrational transition of H*[«= \ \ n* = 2) + with an 
energy ol.l85 eV as given in Table I. 



emission below 45 nm was observed with the control argon 
microwave discharge without hydrogen as shown in 
Fig. 5. A series of 0.5 eV wide Gaussian-shaped peaks 
was observed in the spectral region 27-65 nm. The 
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1 mixtures ( f£%) with a microwave discharge system and an 
EUV spectrometer. Gas was flowed through a half- inch di- 
3 ameter quartz tube. The gas pressure inside the cell was 
maintained at about 300 mTorr under flow conditions where 
5 the flow of each gas was controlled by 0-20 seem range 
mass flow controller (MKS 1 179A21CS1BB) with a read- 
7 out (MKS type 246). The flow rate for each gas tested 
alone was 1 1 seem, and the flow rates for the neon, kryp- 
9 ton, xenon, argon, or helium 90% with 10% hydrogen was 
10 and 1 seem, respectively. The pressure was measured 
1 1 with a 10 and lOOOTorr MKS Baratron absolute pressure 
gauge. The tube was fitted with an Opthos coaxial mi- 
13 crowave cavity (Evenson cavity). The microwave gener- 
ator was a Opthos model MPG-4M generator (frequency: 
1 5 2450 MHz). The output power was set at 85 W. The EUV 
spectrometer was a McPherson 4° grazing incidence EUV 
17 spectrometer (Model 248/3 10G). (See EUV-Spectroscopy 
Section). 



3. Results and discussion 

3.L EUV spectroscopy 

21 The EUV emission spectra were recorded from micro- 
wave discharge plasmas of pure neon, krypton, xenon, hy- 

23 drogen, argon, and helium, as well as 10% hydrogen with 
neon, krypton, xenon, argon, and helium over the wave- 

25 length range 20-60 nm. The short wavelength spectra of 
neon and neon-hydrogen ( fjj%) were equivalent to the spec- 

27 tra reported previously [7]. Only known Ne II peaks were 
observed in this region. The EUV spectra of the control^ 

29 krypton and krypton-hydrogen (f§%), xenon and xenon/ 
hydrogen (?§%), hydrogen, argon, and helium micro^ve^ 

31 discharge cell emission is shown in Figs. 2, 3, 4, 5£%dk& 

#% H 




KrOnly 



Wavelength (nm) 

Fig. 2. The EUV spectra (20-60 nm) of the control krypton and 
krypton-hydrogen microwave discharge cell emission that were 
recorded with a 4° grazing incidence EUV spectrometer and a 
CEM. No emission was observed in this region with or without 
hydrogen. 
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Fig. 3. The EUV spectra (20-60 nm) of the^ 
xenon-hydrogen microwave discharge cell { 
recorded with a 4° grazing incidence Etj 
CEM. No emission was observed in j 
hydrogen. 



50 # 60 




Fig. 4. The EUV spectrum (20-60 nm) of the control hydrogen 
microwave discharge cell emission that were recorded with a 4° 
grazing incidence EUV spectrometer and a CEM. No emission was 
observed m this region. 



respectively. No spurious peaks or artifacts due to the grat- 33 
ihg or the spectrometer were observed. No changes in the 
emission spectra were observed by the addition of hydrogen 35 
to noncatalysts neon, krypton, or xenon. 

The reaction Ar + to Ar 2 "*" has a net enthalpy of reaction 37 
of 27.63 eV, which is equivalent to m — 1 . The catalysis 
reaction involves a nonradiative energy transfer to form a 39 
hydrogen atom that is lower in energy than unreacted atomic 
hydrogen. The product hydrogen atom has an energy state 41 
that corresponds to a fractional principal quantum number. 
The lower-energy hydrogen atom is a highly reactive inter- 43 
mediate which further reacts to form a novel hydride ion. 
Emission was observed previously from a continuum state 45 
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The detection of atomic hydrogen in fractional quantum 
energy levels below the traditional "ground" state — hydri- 
nos — was previously reported [1,5,7] by the assignment 
of soft X-ray emissions from the interstellar medium, the 
Sun, and stellar flares, and by assignment of certain lines 
obtained by the far-infrared absolute spectrometer (F1RAS) 
on the Cosmic Background Explorer. The detection of a new 
molecular species — the diatomic hydrino molecule — was 
reported by the assignment of certain infrared line emissions 
from the Sun. The detection of a new hydride species — 
hydrino hydride ion — was reported by the assignment of 
certain soft X-ray, ultraviolet (UV), and visible emissions 
from the Sun. This has implications for several unresolved 
astrophysical problems such as the identity of dark matter 
and the Solar neutrino paradox [ 1 ,7]. 

From Eq. (26), the energy for the v + I — ► v vi- 
brational transition is 1.185 eV. The increment of the 
Mcpherson 4 grazing incidence EUV spectrometer was 
0. 1 nm as described in Section 2. The corresponding en- 
ergy in this spectral region is about 0.15eV. The rotational 
levels given by Eq. (27) could not be resolved since the 
J + 1 — * J corresponds to 0.03 eV. Thus, the excited state 
spectrum of H£ [n = \ ; n* = 2] + was predicted to comprise 
rotational ly broadened vibrational transitions centered on 
1 . 1 85 eV increments. The series of vibrational transitions 
was predicted to terminate at about the dissociation limit 
of H 2 [»=J] + , E D = 42.88 eV(28.92nm) given by Eq. 
(25). We report that this spectrum was observed during 
microwave discharges of mixtures of argon or helium 
and 10% hydrogen. Solar astrophysical data was reviewed 
and emission lines from the corona were identified which 4 
matched dihydrino molecular rotational transitions to ftyej0%& 
figures. 



2. Experimental 

2 J, EUV spectroscopy 

EUV spectroscopy was recorded 6%^irfi^|»wave cell 
light source. Due to the extremel^sl^^JwS^elength of this 
radiation, "transparent" optics #> nofj|ptist. Therefore, a 
windowless arrangement ^aj^usi^w^psin the microwave 
cell was connected to the^ame vacuum vessel as the grating 
and detectors of the ^^i^pectt^meter. Differential pump- 
ing permitted a hidijprife^sure mme cell as compared to that 
in the spectrometefCTriw^s achieved by pumping on the 
cell outlet and pu^rpn^pn the grating side of the collimator 
that serveb%s, a prn^hole inlet to the optics. The spectrom- 
eter was conHlbu^niiiy evacuated to 10~ 4 -10~ 6 Torr by a 
turbomolecular pump with the pressure read by a cold cath- 
ode pressure gauge. The EUV spectrometer was connected 
to the cell light source with a 1.5 mm x 5 mm collimator 
which provided a light path to the slits of the EUV spec- 
trometer. The collimator also served as a flow constrictor 
of gas from the cell. The cell was operated under gas flow 




Gas supply 



Fig. I . The experimental 
gas cell light source 
en ti ally pumped. 



►rising a microwave discharge 
V ^spectrometer which was difler- 



conditions while maintaining a constant gas pressure in the 53 



ce!l^# 




spectroscopy was recorded on argon-hydrogen 55 
£) an% helium-hydrogen (fjj%) plasmas. The plasma 
source, was a microwave plasma discharge cell. The micro- 57 
ave EUV spectra were recorded with a grazing incidence 

V spectrometer. Control plasmas of neon, krypton, 59 
enon, hydrogen, argon, and helium alone and neon- 
hydrogen (fj|%), krypton-hydrogen (fj|%) and xenon- 61 
hydrogen (75%) were recorded. 

The light emission from a microwave plasma was inrro- 63 
duced to an EUV spectrometer for spectral measurement 
The spectrometer was a McPherson 4 grazing incidence 65 
EUV spectrometer (Model 248/3 10G) equipped with a grat- 
ing having 600 G/mm with a radius of curvature of 1 m. 67 
The angle of incidence was 87 . The wavelength region 
covered by the monochromator was 5-65 nm. The wave- 69 
length resolution was about 0.1 nm (FWHM) with an en- 
trance and exit slit width of 300 p.m. A channel electron 71 
multiplier (CEM) at 2400 V was used to detect the EUV 
light. The increment was 0.1 nm and the dwell time was 1 s. 73 

2.2. Microwave emission spectra 

The experimental setup comprising the microwave dis- 75 
charge gas cell light source and the EUV spectrometer which 
was differentially pumped is shown in Fig. I. The extreme 77 
ultraviolet emission spectrum was obtained on plasmas of 
hydrogen alone, noble gases alone, or noble gas-hydrogen 79 
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coordinates with the constraint of nonradiation 



(20) 



In the case that a hydrino atom reacts with a proton to 
form a di hydrino molecular ion, 



»[ 



AH 
Pi 



+ H + — H 2 



2c' 

P . 



(21) 



a designation for this reaction in terms of quantum numbers 
is 

H[/i = \/p] + H + - H 2 [n = l//>] + . (22) 
The energy released is 

*"'("[7])-* 

= - p 2 1 3.6 + p 2 1 6.28 eV = ^ 2 2.68 e V, (23 ) 

where E T is given by Eq. (B.77). The reaction of a 
hydrino atom with a proton may involve an excited elec- 
tronic state and a series of corresponding vibrational and 
rotational states. In the reaction designated 

H[f] + H^H 2 -[2c'=^»-=2] + (24) 

the hydrino H[/i= \) may react with a proton to form the 
first excited electronic state of the molecular ion H 2 [/i = J] + 
wherein the central field in elliptic coordinates in one half^ 
that of ground state (nonradiative state) of H 2 [/i = This] 
state is analogous to the n = 2 state of atomic hydr 
and is designated as HJ[n= = 2] + , except 
tronic relaxation may involve a radiationless j 
a radiative component involving the osc ilia tig 
ing nuclei which undergoes transition to th<ft & t=^8Bfc» 0 f 
H:[/i = ^] + . The nonradiative energy tejjfSfe cteespond- 
ing to H[n = |] — H[n = J] may occu^^^%^ vibra- 
tional state (bond-continuum state^fi^^fe^| ) • The bond 
energy of H 2 [» = 1//?J+ is givegbye^(Ir>8). Thus, the 
bond energy of H 2 [/i = \]+ 

£ , D = j p 2 2-68eV = 4 2 2.6^ 



where p = 4, and the 
£ D = /? 2 2.68e^= 





8eV(28.92nm), (25) 

ofH 2 [/i=±] + is 

= 1 0.72 eV( 11 5.70 nm), (25) 

where p=^^^^o^he Franck-Condon principle, the 
vibrational an^^ltional energies of H 2 [/» = =2] + 
are equivalent to those of H 2 [/i= j] + given by Eq. (B.122) 
and Eq. (B.255), respectively, 

£ vfb = ( P/ - t?,)/r 0.2962 eV = (u, - p,)1.185eV, (26) 
^ } - 69 ^ um= ry 42 tl um (•/+!-►./), (27) 



where /? = 2. Thus, the emission spectrum of H;[n=±; 

= 2] + is predicted to comprise vibrational peaks centered 
at IJ85 eV spacing slit by 42 urn spaced peaks due to ro- 
tational transitions terminating at about £"D(H 2 [n= |j + ) = 
42.88 eV(28.92nm). Nonlinearity at highly excited vibra- 
tional levels with translation!, vibrational, and rotational 
interactions are anticipated to broaden the terminal peaks. 

1.6. EUV spectroscopy detects lower-energy hydrogen 

It was previously reported that extreme ultraviolet spec- 
troscopy was recorded on microwave and glow discharges 
of helium with 2% hydrogen wherein helium and the 
product hydrinos served as catalysts [7J. Nove^fhission 
lines were observed with energies of ?13.$|wjwhere 

scat- 
rocd in 
es were 
Energy lev- 
g to fractional 
rison was made 



g= 1,2,3,4,6,7,8,9, or II or these lines 
tered by helium atoms wherein 21.2 eV^j 
the excitation of He(is 2 ) to He(ls^ 
identified as hydrogen transitions J 
els below the "ground" state cor) 




[•/ + !]' 



quantum numbers. In additio^a 
between the plasma resulri^n^a^^physical data. Similar 
lower-energy-hydrogea i o^sitkuis were found that matched 
the spectral lines of!the .eXtrem^ ultraviolet background of 
interstellar space and Solar lines. 

Also, prev iously reported lines observed at the Instirut fur 
Niedertemj^atur-Plasmaphysik e.V. by EUV spectroscopy 
could b^ssjgned tp transitions of atomic hydrogen to lower 
ener^I^^sj^esponding to hydrinos and the emission 
xdtation of the corresponding hydride ions [15]. 
example, the product of the catalysis of atomic hydrogen 
ptassium metal, H[oh/4] may serve as both a catalyst 
ad a reactant to form H[oh/3] and H[oh/6], The transition 
h [ j h/4] to H[oh/6] induced by a multipole resonance 
ansfer of 54.4 eV(2.27.2 eV) and a transfer of 40.8 eV with 
a resonance state of H[<7 H /3] excited in H[f/ H /4] is repre- 
sented by 

(28) 

The predicted 176.8eV(7.02nm) photon is a close match 
with the observed 7.30 nm line. The energy of this line 
emission corresponds to an equivalent temperature of 
1,000,000 C and an energy over 100 times the energy of 
combustion of hydrogen. 

Since the Sun and stars contain significant amounts of 
He + and atomic hydrogen, catalysis of atomic hydrogen by 
He + as given by Eqs. (8)-( 10) may occur. Also, the simul- 
taneous ionization of two hydrogen atoms may provide a 
net enthalpy given by Eq. (4) to catalyze hydrino formation. 
Once formed, hydrinos have binding energies given by Eqs. 
(2a) and (3); thus, they may serve as reactants which provide 
a net enthalpy of reaction given by Eq. (4). Lower-energy 
atomic hydrogen may react to form the corresponding dihy- 
drino molecules. Characteristic emissions from the Sun may 
identify dihydrino molecules. 
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lower-energy hydrogen is either excited to a metastable state, 
excited to a resonance state, or ionized by the resonant en- 
ergy transfer. The resonant transfer may occur in multiple 
stages. For example, a nonradiative transfer by multipole 
coupling may occur wherein the centra] field of the first 
increases by m, then the electron of the first drops m lev- 
els lower from a radius of awjp to a radius of an/(p + m) 
with further resonant energy transfer. The energy transferred 
by multipole coupling may occur by a mechanism that is 
analogous to photon absorption involving an excitation to a 
virtual level. Or, the energy transferred by multipole cou- 
pling during the electron transition of the first hydrino atom 
may occur by a mechanism that is analogous to two photon 
absorption involving a first excitation to a virtual level and a 
second excitation to a resonant or continuum level [30-32]. 
The transition energy greater than the energy transferred to 
the second hydrino atom may appear as a photon in a vac- 
uum medium. 

The transition of H[oh/p] to H[oh/(/> + m)] induced by 
a multipole resonance transfer of m27.21 eV (Eq. (4)) and 
a transfer of [(p'f - (p f - m') 2 ]13.6 eV - m27.2 eV with 
a resonance state of W[anl(p r — m')] excited in U[a»/p f ] is 
represented by 



H 



0H 



p + m 



+l((P + »0 2 - P 2 ) - (P n - (P - m') 2 )]13.6 eV, 



where p, p' y m, and rri are integers. 

Hydrinos may be ionized during a disproportionation rej 
action by the resonant energy transfer. A hydrino atoi 
the initial lower-energy state quantum number p an; 
a»/p may undergo a transition to the state with loj 
state quantum number (p + m) and radius 
reaction with a hydrino atom with the initi 
state quantum number m', initial radj 
radius <7h that provides a net enthal 
(4)). Thus, reaction of hydrogei 
the hydrogen-type atom, H[oii4f ]» 
resonant energy transfer jp^cauia^a 
represented by 




m27.21 eV + H 



+e + 




gy 

d final 
eV (Eq. 
H[<jh//>]> with 
ionized by the 
sitjon reaction is 



+ [{p + nif-p* 



<m' 2 -2m)]!3.6 eV, 



37 



H + +e~ 



"It! 



+ 13.6 eV. 



(13) 



(14) 



And, the overall reaction is 



13.6 eV+ 13.6 eV. 



(15) 



Helium ion catalyzes H[ah] to H[<?h/3] as shown in Eqs. 
(8)- (10). Disproportionation reaction may then proceed to 
give: 




1.5. The nature of the chemical Mojj^0 the hydrogen 
molecular ion t the hydrogen ' m&lteufe^ and hydrogen 
molecular ions and moleciiTe$$avihiQ fractional principal 
quantum numbers '% 

From the application of the nonradiative boundary condi- 
tion, the insfiMir^^of excited states as well as the stability 



of the 




ufl^f" state arise naturally in the Mills theory [1] 
ridix B. In addition to the known states of 
Eqlfc (2a) and (2b)), the theory predicts the ex- 
reviously unknown form of matter, hydrogen 
molecules having electrons of lower energy than 
iventional "ground" state, called hydrinos and dihy- 
o — the diatomic hydrino molecule, respectively, where 
h energy level corresponds to a fractional quantum num- 

Two hydrogen atoms react to form a diatomic molecule, 
the hydrogen molecule 



2H[fl H ] — r\ 2 [2c =y/2a 0 l 



(17) 



where 2c' is the intemuclear distance. Also, two hydrino 
atoms react to form a diatomic molecule, a dihydrino 
molecule 



2H ^ 



— H 2 



2c' = 



v/2, 



<7o 



(18) 



where p is an integer. And, a hydrino atom can react with a 
proton to form a dihydrino molecular ion that further reacts 
with an electron to form a dihydrino molecule 



H 



+ H + -f e~ — H 2 



2c' = 



y/2a Q 



(19) 
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The hydrogen-type molecular ion and molecular charge 
and current density functions, bond distance, and energies 
are solved in Appendix B from the Laplacian in ellipsoidal 67 
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emission of a photon. Rather, the reaction requires a colli- 
sion with a third body, M, to remove the bond energy — 
H + H + M — H 2 +M* [28]. The third body distributes the 
energy from the exothermic reaction, and the end result is 
the H2 molecule and an increase in the temperature of the 
system. Some commercial phosphors are based on nonradia- 
tive energy transfer involving multipole coupling. For exam- 
ple, the strong absorption strength of Sb 3+ ions along with 
the efficient nonradiative transfer of excitation from Sb 3+ to 
Mn 2+ , are responsible for the strong manganese lumines- 
cence from phosphors containing these ions [29]. Similarly, 
the n- 1 state of hydrogen and the n = 1 /integer states of 
hydrogen are nonradiative, but a transition between two non- 
radiative states is possible via a nonradiative energy transfer, 
say n= In these cases, during the transition the elec- 
tron couples to another electron transition, electron transfer 
reaction, or inelastic scattering reaction which can absorb 
the exact amount of energy that must be removed from the 
hydrogen atom to cause the transition. Thus, a catalyst pro- 
vides a net positive enthalpy of reaction of mil 2 1 eV (i.e. it 
absorbs m212\ eV where m is an integer). Certain atoms or 
ions serve as catalysts which resonantly accept energy from 
hydrogen atoms and release the energy to the surroundings 
to effect electronic transitions to fractional quantum energy 
levels. Recent analysis of mobility and spectroscopy data 
of individual electrons in liquid helium show direct experi- 
mental evidence that electrons may have fractional principal 
quantum energy levels [6]. 

The catalysis of hydrogen involves the nonradiative trans- 
fer of energy from atomic hydrogen to a catalyst which may 
then release the transferred energy by radiative and nonra- 
diative mechanisms. As a consequence of the nonradiative, 
energy transfer, the hydrogen atom becomes unstable an<| 
emits further energy until it achieves a lower-energy nonra- 
diative state having a principal energy level given -gjffl 



(2a) and (3). 
1.4. Catalysts 

According to Mills [1], a cataJ 
by the ionization of / electrons 
continuum energy level such 
energies of the / electrons Jj£S$p 
m is an integer. 

L4.1. Argon iorm^f 
Argon ions 



vjd£«fiet enthalpy of a multiple of that 
of the potential l^er^of the hydrogen atom. The second 
ionization energy ol^argon is 27.63 eV. The reaction Ar + to 
Ar 2+ has a ne^enmalpy of reaction of 27.63 e\\ which is 
equivalent to m — 1 in Eq. (4) 




provided 
or ion to a 
of the ionization 
[y m27.2 eV where 



2763 eV + Ar + + 



Ar 2+ +e" 



+ H 



"[5] 

(7^T)] + t</ ,+ l > J -/' J ] ,3 - 6eV . 



Ar J+ + <T -> At* + 27.63 eV. 
And, the overall reaction is 
H 



(6) 



H — 



7^-J)]+[(^+I) 2 -/]13.6eV. (7) 



.He 2+ +e" 



-H[^] + l08.8eV,^ 



Ht 2+ +e- 



•He + + 54.4l7eV. 
And, the overall reaction is 




^ +54.4eV + 5%4eV: 

The energy giveaoffduting catalysis is much greater than 
the energy lost to the cajaryst. the energy released is large as 
compared to conventional chemical reactions. For example, 
when hydrogen and oxygen gases undergo combustion to 
form water^:; # 

> 2 ^r- h 2 o(/) (ii) 

%Jcnowir enthalpy of formation of water is AHf = — 
286&/jnol or 1 .48 eV per hydrogen atom. By contrast, 
qach (n = 1 ) ordinary hydrogen atom undergoing catalysis 
^ jpeases a net of 40.8 eV. Moreover, further catalytic tran- 
sitions may occur: n = \ — ±, \ — i, I -> i, and so 
on. Once catalysis begins, hydrinos autocatalyze further in a 
process called disproportionation. This mechanism is sim- 
ilar to that of an inorganic ion catalysis. But, hydrino catal- 
ysis should have a higher reaction rate than that of the in- 
organic ion catalyst due to the better match of the enthalpy 
to m27.2 eV. 




49 



1.4.2. Helium ion 

Helium ion (He + ) is also such a catalyst because the 51 
second ionization energy of helium is 54.417 eV, which is 
equivalent to m = 2 in Eq. (4). In this case, the catalysis 53 
reaction is 

54.4l7eV + He + +H[a H ] 
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OH 



(5) 



1.4.3. Hydrino catalysts 

In a process called disproportionation, lower-energy hy- 73 
drogen atoms, hydrinos, can act as catalysts because each 
of the metastable excitation, resonance excitation, and ion- 75 
ization energy of a hydrino atom is m27.2 eV (Eq. (4)). 
The transition reaction mechanism of a first hydrino atom 77 
affected by a second hydrino atom involves the reso- 
nant coupling between the atoms of m degenerate mul- 79 
tipoles each having 27.21 eV of potential energy [I]. 
The energy transfer of m27.2 eV from the first hydrino 81 
atom to the second hydrino atom causes the centra) 
field of the first atom to increase by m and its elec- 83 
tron to drop m levels lower from a radius of awjp 
to a radius of a H /(p + m). The second interacting 85 
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or prior known voltage requirement with a light output 
for power input up to 8600 times that of the control 
standard light source [12,13,18], 
the observation that the optically measured output 
power of gas cells for power supplied to the glow 
discharge increased by over two orders of magnitude 
depending on the presence of less than 1% par- 
tial pressure of certain catalysts in hydrogen gas or 
argon-hydrogen gas mixtures, and an excess thermal 
balance of 42 W was measured for the 97% argon 
and 3% hydrogen mixture versus argon plasma alone 

[11], 

the observation that plasmas of the catalyst-hydrogen 
mixtures of strontium-hydrogen, hel rum-hydrogen, 
argon-hydrogen, strontium-helium-hydrogen, and 
strontium-argon-hydTOgen showed significant Balmer 
a line broadening corresponding to an average hy- 
drogen atom temperature of 25-45 eV; whereas, 
plasmas of the noncatalyst-hydrogen mixtures of pure 
hydrogen, krypton-hydrogen, xenon-hydrogen, and 
magnesium-hydrogen showed no excessive broad- 
ening corresponding to an average hydrogen atom 
temperature of « 3 eV [10], 

the observation that the power emitted for power sup- 
plied to a hydrogen glow discharge plasmas increased 
by 35-184 W depending on the presence of catalysts 
helium or argon and less than 1% partial pressure 
of strontium metal in noble gas-hydrogen mixtures; 
whereas, the chemically similar noncatalyst krypton 
had no effect on the power balance [10], 
the differential scanning calorimetry (DSC) measure- 
ment of minimum heats of formation of KH1 by the^x 
catalytic reaction of potassium with atomic hydro§£ 
gen and KI that were over -2000kJ/mol H 2 ^coW% 
pared to the enthalpy of combustion of hydcrfgeivof 
-241.8 kJ/mol H 2 [25], 

the isolation of novel hydrogen compounds j|^uc& 
of the reaction of atomic hydrogen wiA aOT^antfions 
which formed an anomalous plasjotfp^a&epotfed in the 
EUV studies [19-25], 
the identification of novel 
time of flight secondary ic&tmass 
showed a dominant 
spectrum, (ii) X-ra 
showed novel 



ion identified by a large distinct up field resonance 
[19,20,23], 

(21 ) the replication of the NMR results of the identification 
of novel hydride compounds by large distinct up- 
field resonances at Spectral Data Services, University 
of Massachusetts Amherst, University of Delaware, 
Grace Davison, and National Research Council of 
Canada [19], and 

(22) the NMR identification of novel hydride compounds 
MH* and MHJ wherein M is the metal and H* com- 
prises a novel high binding energy hydride ion iden- 
tified by a large distinct upfield resonance that proves 
the hydride ion is different from the hydride iqn of the 
corresponding known compound of the sain^compo- 
sition[19]. % 




L3. Mechanism of the formation of byjtr-ene 
atomic hydrogen ^*^?^g0? 

The mechanism of the EU^emission^the formation of 
novel hydrides, and the o^rv^ir^f^ertain EUV lines 
from interstellar medium W^^^&n cannot be explained 
by the conventional A €^|y l%els of hydrogen, but it is 
predicted by a solut^.ollhe Schrodinger equation with a 
nonradiative boundary : &%istraint put forward by Mills [1]. 
Mills predic^t)i%certair/ atoms or ions serve as catalysts 
to release energy fg>rn hydrogen to produce an increased 
bindip£%neTg^x^S en atom called a hydrino atom having 



(3) 





55 



unds by (i) 
roscopy which 
the negative ion 
lotoelecffbn spectroscopy which 
and significant shifts of 
the core levels^ ol%e^mary elements bound to the 
novel h^dnt^o^^^ii) 'H nuclear magnetic reso- 
nance spe%£jsc©|gy (NMR) which showed extraordi- 
nary i^fielo^&iemica] shifts compared to the NMR 
of the cc%e^oinding ordinary hydrides, and (iv) ther- 
mal decomposition with analysis by gas chromatogra- 
phy, and mass spectroscopy which identified the com- 
pounds as hydrides [19-25], 
(20) the NMR identification of novel hydride compounds 
MH*X wherein M is the metal, X, is a halide, and 
H* comprises a novel high binding energy hydride 



Energy given by Eq. (2a) where 



M i W i 

" ^3 4' 9 p 

r 

and p is an integer greater than 1, designated as H[an/p] 
_^here an is the radius of the hydrogen atom. Hydrinos are 
^predicted to form by reacting an ordinary hydrogen atom 

with a catalyst having a net enthalpy of reaction of about 

m27.21 eV, (4) 

where m is an integer. This catalysis releases energy from 
the hydrogen atom with a commensurate decrease in size 
of the hydrogen atom, r„ = nan. For example, the catalysis 
of H(/i = 1 ) to H(n = \ ) releases 40.8 eV, and the hydrogen 
radius decreases from an to \an. 

The excited energy states of atomic hydrogen are also 
given by Eq. (2a) except with Eq. (2b). The n= 1 state is 
the "ground" state for "pure" photon transitions (the n = 1 
state can absorb a photon and go to an excited electronic 
state, but it cannot release a photon and go to a lower-«nergy 
electronic state). However, an electron transition from the 
ground state to a lower-energy state is possible by a nonra- 
diative energy transfer such as multipole coupling or a res- 
onant collision mechanism. These lower-energy states have 
fractional quantum-numbers, n= I/integer. 

Processes that occur without photons and that require col- 
lisions are common. For example, the exothermic chemi- 
cal reaction of H + H to form H 2 does not occur with the 
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different theory for the hydrogen atom, was developed by E. 
Schrddinger, and independently by W. Heisenberg, in 1 926 

e 2 13.598 eV 



£■*=- 



n= 1,2,3, 



11 



13 



15 



17 



19 



21 



23 



25 



27 



29 



31 



33 



35 



37 



39 



41 



43 



45 



(2a,b) 



where an is the Bohr radius for the hydrogen atom 
(52.947 pm), e is the magnitude of the charge of the 
electron, and £o is the vacuum permittivity. Based on the 
solution of a Schrodinger-type wave equation with a nonra- 
diative boundary condition based on Maxwell's equations, 
Mills [1-27] predicts that atomic hydrogen may undergo a 
catalytic reaction with certain atomized elements or certain 
gaseous ions which singly or multiply ionize at integer mul- 
tiples of the potential energy of atomic hydrogen, 27.2 eV. 
The reaction involves a nonradiative energy transfer to form 
a hydrogen atom that is lower in energy than unreacted 
atomic hydrogen that corresponds to a fractional principal 
quantum number where Eq. (2b), should be replaced by 

n=],2,3,..., and n= . (2c) 

A number of independent experimental observations lead to 
the conclusion that atomic hydrogen can exist in fractional 
quantum states that are at lower energies than the traditional 
"ground" (/?=!) state. 

1.2. Experimental data of lower-energy hydrogen 

Observation of intense extreme ultraviolet (EUV) emis- 
sion at low temperatures (e.g. « 10 3 K) from atomic hydro- 
gen and certain atomized elements or certain gaseous ions 
[8,9,12-14,16-18] has been reported previously. The 
pure elements that were observed to emit EUV were thos|| 
wherein the ionization of / electrons from an atom to a:|§bn-*^ 
tinuum energy level is such that the sum of the ionJzatiort 
energies of the t electrons is approximately m272ge$ ^wjtere^' 
/ and m are each an integer. Potassium, cesiutiC aj^^rroi¥^ 
tium atoms and Rb + ion ionize at mteger^im^es of the 
potential energy of atomic hydrogen arf^^setTeinission. 
Whereas, the chemically similar atom^%>dMm^magriesium 



q— 1,2,3,4,6,7, 8, 9, or II or these lines inelasti- 
cally scattered by helium atoms in the excitation of 
He(Is 2 )toHe(ls , 2p , )that were identified as hydrogen 
transitions to electronic energy levels below the 
"ground" state corresponding to fractional quantum 
numbers [7], 

(2) the identification of transitions of atomic hydrogen to 
lower energy levels corresponding to lower energy hy- 
drogen atoms in the extreme ultraviolet emission spec- 
trum from interstellar medium and the Sun [1,5,7], 

(3) the EUV spectroscopic observation of lines by the 
In st i tut fur Niedertemperarur-Plasmaphysik e.V. that 
could be assigned to transitions of atomic hydrogen to 
lower energy levels corresponding to fractioiSalprin- 
cipal quantum numbers and the emission fro^tfte ex- 
citation of the corresponding hydride; ioife^l 5^^ 

(4) the recent analysis of mobility and [spectroscopy data 
of individual electrons in liquid^ helnW wliich shows 
direct experimental confirmation ^^ tfiat electrons may 



(5) 




and barium, do not ionize at int 
tial energy of atomic hydrogen 

Additional prior relate 
ity of a novel reaction o 
a chemically general 
novel hydride 
[7-18], characj 
dride ion gpod 1 
[7-9], p!as%.foi 
broadening 



of the poten- 
no emission, 
ipport the possibil- 
rogen which produces 
plasma and produces 
lude EUV spectroscopy 
ion from catalysis and the hy- 
tj, lower-energy hydrogen emission 
ion [8,9,12-14,16-18], Balmer a line 
homalous plasma afterglow duration 
[16,17], power generation [ 1 0, 1 1 , 1 8], and analysis of chem- 
ical compounds [19-25]. Exemplary related studies include: 



(I) The observation of novel EUV emission lines from 
microwave and glow discharges of helium with 
47 2% hydrogen with energies of ?!3.6eV where 



have fractional principal quantum egirgy levels [6], 
the observation of contlfiuto i sfe#emission of Cs 2 " 1 " 
and Ar 2 * at 53.3 an$4&(?%n% ; respectively, with the 
absence of the odTet^corresponding Rydberg series of 
lines from the^ejspettes which confirmed the resonant^ 
nonradiative energ^transfer of 27.2 eV from atomic, 
hydrogetf t&,the catalysts atomic cesium or Ar + [9], 
(6) the sj)ectroscbj?ic observation of the predicted hydride 
joiiPH^i^ljO^flydrogen catalysis by either cesium atom 
4$>£.&f* caSlyst at 407 nm corresponding to its pre- 
alljeA^ding energy of 3.05 eV [9], 
^]^thel>Dservation of characteristic emission from K 3+ 
^%fhich confirmed the resonant nonradiative energy 
Si transfer of 3.27.2 eV from atomic hydrogen to atomic 
jj£ potassium [8], 
^ (8) the spectroscopic observation of the predicted H~( J) 
hydride ion of hydrogen catalysis by potassium cata- 
lyst at 1 10 nm corresponding to its predicted binding 
energy of 11.2eV[8], 
(9) the observation by the Inst inn fur Niedertemperarur- 
Plasmaphysik e.V. of an anomalous plasma and plasma 
afterglow duration formed with hydrogen-potassium 
mixtures [16], 

(10) the observation of anomalous afterglow durations of 
plasmas formed by catalysts providing a net enthalpy 
of reaction within thermal energies of m27.28 eV 
[16,17], 

(11) the observation of Lyman series in the EUV that rep- 
resents an energy release 1 0 times hydrogen combus- 
tion which is greater than that of any possible known 
chemical reaction [7,18], 

(12) the observation of line emission by the lnstirut fur 
Niedertemperarur-Plasmaphysik e.V. with a 4 grazing 
incidence EUV spectrometer that was 100 times more 
energetic than the combustion of hydrogen [15], 

(13) the observation of anomalous plasmas formed with 
strontium and argon catalysts at 1% of the theoretical 
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7 Abstract 

From a solution of a Schrodinger-type wave equation with a nonradiative boundary conditro^ba^i^nMaxweirs equations, 
9 Mills solves the hydrogen atom, the hydrogen molecular ion, the hydrogen molecu^irM predicts corresponding species 

having fractional principal quantum numbers. Atomic hydrogen may undergo a catraly^reactlon with certain atomized 
1 1 elements and ions which singly or multiply ionize at integer multiples of the 'potential eBltey of atomic hydrogen, mil 2 eV 

wherein m is an integer. The reaction involves a nonradiative energy transfer^io^m a hy<m>gen atom H( \/p) that is lower 
13 in energy than unreacted atomic hydrogen that corresponds to a fractional' ]#incipa& quantum number (n= \/p = 1 /integer 

replaces the well known parameter n = integer in the Rydberg equation ^liydrt^en^cited states). One such atomic catalytic 
15 system involves argon ions. The reaction Ar + to Ar + has a net enth^p^freMion of 27.63 eV, which is equivalent to 

m= 1. Thus, it may serve as a catalyst to form H(|). Also, the, t ^cond^^^5tion energy of helium is 54.4 eV; thus, the 
17 ionization reaction of He + to He 2+ has a net enthalpy of reawlftjkpf S^PTeV which is equivalent to 2 x 27.2 eV. The 

products of the catalysis reaction W(\) may further serve. a^catalys%to form W(\) and H(|). H(l/p) may react with a 
19 proton to form an excited state molecular ion HJ(l//?) + l|fiat ha&a bond energy and vibrational levels that are p 2 times 

those of the molecular ion comprising uncatalyzed ajoAic r^to^i where p is an integer. Thus, the excited state spectrum 
21 of HJ[n= ~ ; n* = 2] + was predicted to comprise roj^ion^lyjoroadened vibrational transitions at 1.185 eV increments to the 

dissociation limit of H 2 [n = $] + , £d = 42.88 e^^^^^ra/jPHxtreme ultraviolet spectroscopy was recorded on microwave 
23 discharges of argon or helium with 10% h^og^in TO range 10-65 nm. Novel emission lines assigned to vibrational 

transitions of Hj[« = $;n* = 2] + were obs^%*^ thl^irange with energies of ul.185 eV, v= 17-38 that terminated at about 
25 28.9 nm. In addition, fractional molecuj^ n^Jrpg%rotational transitions were assigned to previously unidentified lines in the 

Solar coronal spectrum that matched (n%«ae1^a^predictions to five figures. © 2001 Published by Elsevier Science Ltd on 
27 behalf of the International Assc^So^or%^drogen Energy. 

■?£ % '' . 



29 



1. Introduction 

J.I. Backgrot^^''^^- 



31 of the lines of3&&$ed in the emission spectrum of atomic 
33 hydrogen could be expressed with a completely empirical 
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relationship. This approach was later extended by J.R. Ry- 
dberg, who showed that all of the spectral lines of atomic 
hydrogen were given by the equation: 



J J. Balrn%shovpd in 1 885 that the frequencies for some tT _ ^ j J i_\ 

the lines o&ef$ed in the emission spectrum of atomic \"f "?/ 



(1) 



35 



37 



where R= 109,677 cm" 1 , /?r= 1,2,3,..., m = 2,3,4, ... , 
and n\ > nf. 

Niels Bohr, in 1913, developed a theory for atomic hy- 
drogen that gave energy levels in agreement with Ryd- 
berg^ equation. An identical equation, based on a totally 41 
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tial commercial applications are the products [19-25]. Since 
the power is in the form of a plasma, direct high-efficiency, 
low cost energy conversion may be possible, thus, avoiding 
a heat engine such as a turbine [26,27] or a reformer-fuel 
cell system. Significantly lower capital costs and lower com- 
mercial operating costs than that of any known competing 
energy source are anticipated. 
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Table 3 

The total output power and excess power at selected input powers for the strontium-hydrogen plasma 



Voltage 
(V) 


Current 

(A) 


Input power 
<W) 


Temp, rise above ambient 
Ar (±0.05°C) 


Total output power 
P T (±2%) 


Excess power 
Pcx (±2%) 


274 
272 
265 
252 
201 


0.130 
0.221 
0.316 
0.435 
0.677 


35.62 
60.11 
83.74 
109.62 
136.08 


46.20 
72.15 
98.90 
122.60 
226.95 


56.7 
94.5 
133.4 
168.0 
319.9 


21.1 
34.4 
49.7 
58.4 
183.8 


Table 4 

The total output power and excess power at selected input powers for the argon-hydrogen plasma 


Voltage 
(V) 


Current 
(A) 


Input power 

- (W) 


Temp, rise above ambient 
Ar (±0.05°C) 


Total output power 

P 7 (±2%) ^ 


Excess ; power 
:£„ (±2%) 


207 
215 
211 

225 
230 
233 


0.171 
0.276 
0.405 
0.491 
0.588 
0.688 


35.40 
59.34 
85.45 
1 10.48 
135.24 
160.30 


36.70 
56.60 
79.70 
102.05 
121.70 
141.40 


42.9 % . 
71.9 

105.5 ^ % 
138.0 $ 

166.6 "'fe 
195.3 • 


7i$ 
12:6 
20.1 
27.5 
31.4 
35.0 


Table 5 

The total output power and excess power at selected input powers for the strontiunv-heUiim^hydrogett plasma 


Voltage 
(V) 


Current 
(A) 


Input power 
(W) 


Temp, rise above ambient : ->v ? 
Af (±0.05°C) J?? ... v ; 


Total output power 

\ C Pj (±2%) 


Excess power 
Pcx (±2%) 


175 
172 
178 
176 
181 
182 


0.201 
0.356 
0.478 
0.630 
0.747 
0.886 


35.18 
61.23 
85.08 
1 10.88 
135.21 
161.25 


40.55 ' .# .#' 
72.90 j0k^ 
95.00 ^ ' %. 
122.50#" , 


48.5 
95.6 
127.8 
167.8 
191.8 
219.8 


13.3 
34.4 
42.7 
56.9 
56.6 
58.6 


Table 6 ,^ 
The total output power and excess power at selects 


input powers for the strontium-argon-hydrogen plasma 




Voltage 
(V) 


Current 
(A) 


Input poweriS 


* Temp, rise above ambient 
~* Ar (±0.05°C) 


Total output power 
Pj (±2%) 


Excess power 
Pcx (±2%) 


124 
151 
158 
163 
165 
167 


0.286 

0-399 /# £ 
0.542 

0.677^ 1^ 
0.821 


^35.46'^ 
> r 60.2$# 

isM 

il0.35 
#135.47 
160.65 


62.85 
87.85 
113.05 
134.50 
158.90 
174.35 


81.0 
117.4 
154.1 
185.3 
220.8 
243.3 


45.5 
57.1 
68.5 
75.0 
85.3 
82.7 



Excess power: of up to 1 84 W by the catalytic reaction 
of strontium atoms, argon tons, or helium ions with atomic 
hydrogen corresponded to a volumetric power density of 
greater than 1 W/cm 3 . This is comparable to many coal fired 
electric power plants. The presently observed and previously 
reported energy balances were over 100 eV/H atom [12,13]. 
The results are consistent with additional previously reported 



studies given in Section 1 .2 which show very large energy 
balances. 

Since the net enthalpy released may be over several hun- 
dred times that of combustion, the catalysis of atomic hy- 
drogen represents a new source of energy with H?0 as the 
source of hydrogen fuel. Moreover, rather than air pollutants 
or radioactive waste, novel hydride compounds with poten- 
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Table 2 

The 656.5 nm Balmer a line width (full width at half maximum) 
and energetic hydrogen atom densities and energies for catalyst 
and noncatalyst plasmas 



Plasma 


Balmer oc line 


Hydrogen atom 


Hydrogen atom 


gas 


FWHM 


density" 


energy 5 




(nm) 


(10 12 atoms/cm 3 ) 


(eV) 


H 2 


0.14 


50 


3-4 


Mg/H 2 


0.15 


60 


4-5 


Kr/H 2 


0.13 


10 


2.5-3.5 


Xe/H 2 


0.14 


10 


3-4 


Sr/H 2 


0.28 


100 


23-25 


He/H 2 


0.31 


30 


33-38 


Ar/H 2 


030 


30 


30-35 


Sr/He/H 2 


0.35 


40 


40-45 


Sr/Ar/H 2 


0.32 


40 


35-40 



"Approximate calculated (38]. 
Calculated [38]. 



power production was measured and observed from mix- 1 1 
tures of strontium with argon-hydrogen (y%), strontium 
with hydrogen, strontium with helium-hydrogen ( and 1 3 
argon-hydrogen ( y %). No possible chemical reactions of 
the 2 Torr or less hydrogen at a flow rate of 2 seem, the 
electrodes; low pressure strontium, or the helium or argon 
gas could be found which accounted for the excess power 
of up to 184 W. In fact, no known chemical reaction re- 
leases enough energy (over 100 eV/H atom) to account for 
the power. The power was not observed when krypton or 
krypton-hydrogen replaced the argon-hydrogen or helium- 
hydrogen mixture. The power was commensurate with hy- 
drogen fuel consumption. These results indicate that the 
power was due to a reaction of catalyst with hydrogen. The 
results of the power balance measurements are. consistent 
with the line broadening measurements. 



15 



17 



19 



21 



23 



25 



5. Conclusion 



27 



a significant increase was observed with the presence of a 
catalyst, the power balances of glow discharge plasmas were 
measured. 

Power production was observed from discharge plasmas 
having a source of hydrogen and atoms or ions which ionize 
at integer multiples of the potential energy of atomic hy- 
drogen (Sr, He + , or Ar + ); whereas, no excess power was 
observed in the case of krypton which does not provide a 
reaction with a net enthalpy of a multiple of the potential 
energy of atomic hydrogen under these conditions. Thermal 



An average hydrogen atom temperature of 25-45 eV was 
observed by line broadening; with the presence of strontium 29 
atoms or argon or helium ion catalysts; whereas, pure hydro- 
gen, krypton-hydrogen, xenon-hydrogen, and magnesium 2 3 1 
hydrogen plasmas showed no excessive broadening corre- 
sponding to aa' average hydrogen atom temperature of ^ 33 
3 eV. Excess thermal power was observed only with a cat- 
alyst present which demonstrated that line broadening was 35 
an effective method of measuring the catalysis reaction of 

IrogeiL 37 
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Fig. 9. The temperature increase above the ambient temperature of 25 ± 0.1 °C as a function of the power applied to each of the gases and 
metal-gas mixtures. Significant excess power was observed in the case of catalyst-hydrogen plasmas (strontium, helium, and argon with 
hydrogen); whereas, no excess power was observed from noncatalyst-hydrogen plasmas. 
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Wavelength (nm) 
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Fig. 7. The 656.2 nm Balmer a line width recorded with a high resolution (±0.025 nm) visible spectrometer, on a.srxontium with he- 
lium-hydrogen (f§%) and a hydrogen glow discharge plasma. Significant broadening was observed corresponding to' an average hydrogen 
atom temperature of 40-45 eV. / : ; . 
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Fig. 8. The 656.2 nm Balne a line width recorded with a high resolution (±0.025 nm) visible spectrometer on a strontium with ar- 
gon-hydrogen (yjj%) and aflydrogeb; glow discharge plasma. Significant broadening was observed corresponding to an average hydrogen 
atom temperature of 35^N) je^^ziS* 



] 75, 58, 50§'aqd 2&W, respectively, based on a comparison 

of the temperatuxeyfise of the cell with krypton-hydrogen 
3 mixture (y%) and krypton alone. The input power was 

varied to determine conditions that resulted in the optimal 
5 output for the strontium-hydrogen plasma. As shown in Fig. 

9 and Table 3, at 1 36 W input, the excess power significantly 
7 increased to 1 84 W. The effect was found to be repeatable 

in separate experiments. 



4. Discussion 9 

The Balmer a line width and energetic hydrogen atom 

density and energies were measured, and it was found 1 1 
that plasmas of strontium-hydrogen, argon-hydrogen, 

helium-hydrogen, and strontium with helium-hydrogen or 1 3 

argon-hydrogen showed significant broadening. Since line ^ 
broadening is a measure of the plasma temperature, and 
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Fig. 5. The 656.2 nm Balmer a line width recorded with a high resolution (±0.025 nm) visible spectrometer oh a heliuraehydrogen (f§%) 
and a hydrogen glow discharge plasma. Significant broadening was observed corresponding to an average; hybVogeb atom temperature of 30 

-35 eV. . ■". ■'■ 
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Fig. 6. The 6562 nm Balmer,<*£lioe ^w^ rfecorded with a high resolution (±0.025 nm) visible spectrometer on an argon-hydrogen ( fg%) 
and a hydrogen glow discharge plasma. Significant broadening was observed corresponding to an average hydrogen atom temperature of 30 

-35 eV. W, K 



in Fig. 9. The least squares fit of the AT response to unit 
input power calculated from the control plasmas, krypton 
and kiypton^nydjpgen, (Eq. (16)) was determined to be 



A 7* = 7.25 + 0.687 x P T 



07) 



where AT is in °C and Ft is in watts. At selected in- 
put powers, the total output power and excess power 
were determined using Eqs. (17) and (15), respectively, 



for ( I ) a mixture of hydrogen and vaporized strontium, 
(2) argon-hydrogen mixture (y%), and (3) a helium- 
hydrogen mixture (y%) or an argon-hydrogen mixture 
with vaporized strontium as shown Tables 3-6, 
respectively. 

For a power input to the glow discharge of 1 10 W, the 
excess output power of mixtures of strontium with argon- 
hydrogen (y%), strontium with hydrogen, strontium with 
helium-hydrogen (y%), and argon-hydrogen (y%) was 
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Fig. 3. The 656.2 nm Balmer a line width recorded with a high resolution (±0.025 nm) visible spectrometer on: a xenoftrhydrogen ( 
arid a hydrogen glow discharge plasma. No line excessive broadening was observed corresponding to an average hydrogen atom temperature 

of a 3 e v. t /fi" ;'W'^' 
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Fig. 4. The 656.2 nm Balmer ct line; width re&rded with a high resolution (±0.025 nm) visible spectrometer on a strontium-hydrogen and a 
hydrogen glow discharge plastt^^Sigi^car^broadening was observed corresponding to an average hydrogen atom temperature of 23-25 eV. 



11 



helium or argon and stiprlranri each compared to control 
hydrogen alone are^iveife- in Figs. 3-8, respectively. To 
illustrate the meubo&of displaying each line broadening 
result as ah^unsmbothed curve, the corresponding raw data 
points are also shown in Fig. 8 that further shows the scatter 
in the data. The Balmer a line width and energetic hydro- 
gen atom densities and energies are given in Table 2. It was 
found that strontium-hydrogen, helium-hydrogen, argon- 
hydrogen, strontium-helium-hydrogen, and strontium- 
argon-hydrogen plasmas showed significant broadening 
corresponding to an average hydrogen atom temperature 



of 25-45 eV; whereas, pure hydrogen, krypton-hydrogen, 
xenon-hydrogen, and magnesium-hydrogen showed no ex- 13 
cessive broadening corresponding to an average hydrogen 
atom temperature of « 3 eV. 15 

3.2. Power balance measurements 

The temperature increase above the ambient temperature 17 
of 25 ± 0.l°C as a function of the power applied to each of 

the gases and metal-gas mixtures at 2 Torr total pressure was 1 9 
plotted for the input power range of 35-160 W as shown 
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1 welded flush with the side of the cell that served as the line 

to supply the test gas. 
3 The axial hollow cathode glow discharge electrode assem- 
bly shown in Fig. I comprised a stainless steel plate (4.2 cm 
5 diameter, 0.9 mm thick) anode and a circumferential stain- 
less steel cylindrical frame (5.1 cm OD, 7.2 cm long) per- 
7 forated with evenly spaced 1 cm diameter holes. The cath- 
ode was attached to the cell body by a stainless steel wire 
9 covered with ceramic beads for electrical insulation, and the 

cell body was grounded. 
11 A 1.6 nun thick UV-grade sapphire window with 1.5 cm 
view diameter provided a visible light path from inside the 
13 cell. The viewing direction was normal to the cell axis. 

Strontium (Alfa Aesar 99.95%) metal was loaded into the 
15 cell under a dry argon atmosphere inside a glove box. The 
cell was evacuated with a turbo vacuum pump to a pressure 
17 of ^ 0.0001 Torr. 

The gas in each experiment was ultrahigh purity grade or 
19 higher. Test gases comprised hydrogen, or krypton alone, 
helium-hydrogen mixture (y%), argon-hydrogen mixture 
2 1 ( y %), or krypton-hydrogen mixture ( ^%). The gas pres- 
sure inside the cell was maintained at 2 Torr with a hydrogen 
23 flow rate of 30 seem, a noble gas flow rate of 30 seem, or a 
noble gas flow rate of 28 seem and a hydrogen flow rate of 
25 2 seem. Each gas flow was controlled by a 0-20 seem range 
mass flow controller (MKS 1 1 79A21CS1BB) with a read- 
27 out (MKS type 246). The cell pressure was monitored by 
a 0-10 Torr MKS Baratron absolute pressure gauge. In the 
29 absence of gas flow, the gas supply tube pressure was essen- 
tially the cell pressure. The partial pressure of the strontium 
31 metal was determined by its equilibrium vapor pressure at 

the operating temperature of the cell as given in Table 1 . 
33 The discharge was started and maintained by a DC elecr 

trie field in the hollow cathode supplied by a constant volt- i 
35 age DC power supply (Xantrex XRF 600-2). Thef input 
power was calculated as the product of the constant voltage 
37 times the current. The voltage between the cathode [and am- 
ode was monitored by a digital multimeter (bigital instru- 
39 ments 9300GB). A duplicate multime^nr serie^with the 
discharge gap was used to indicate me%urrehfc The power 
41 was increased by ramping the constant voltage. 



2. 3. Power balance measurements' 

43 The temperature response o£ the cell to input power for 
the test and control gases and metals was determined. The 

45 temperature at the two thermocouples was recorded and av- 
eraged about one hour after the cell had reached a thermal 

47 steady state. The time to reach a steady state temperature 
with each increase in the input power to the glow discharge 

49 was typically 3-4 h. At this point the power Pj lost from 
the cell was equal to the power supplied to the cell P m plus 

5 1 any excess power P ex . 



Table I 

Vapor pressure of strontium metal versus temperature 
T 

<°C) 



Sr 

(Torr) a 



20 
70 
120 
170 
220 
270 
320 
370 
420 
470 
500 
520 
535 
540 
560 
600 
620 
650 



8.39E-2I 
1.27E-16 
1.62E-13 
4.05E-1I 
3.26E-09 
I.I6E-07 
2.23E-06 
2.69E-05 

3S76E-03 



%6.95E-03 
IM.08E-02 
f I.24E-02 
2.16E-02 
6.06E-02 
9.78E-02 
1.93E-01 



Calculated [39]. yF' 

Since the heat transfer was dominated by conduction from 
the outer cell wails; the temperature rise of the cell above 
ambient AT was modeled by a linear curve 



&T = aPi + C 



(16) 



Pj=P m + P„ 



(15) 



where a and C are constants for the least square curve fit of 
the cell temperature response to power input for the control 
experiments (/>„ = 0). Ar was recorded as a function of 
input power P m for noncatalyst krypton alone and krypton- 
hydrogen mixtures over the input power range of 35-1 65 W. 
The higher temperature produced by the catalyst gases com- 
pared with the control gases was representative of the ex- 
cess power since the cell temperature rise was found to be 
insensitive to heat transfer mechanisms occurring inside of 
the cell — the transfer to the cell walls being very fast and 
heat loss from the wall to the outside ambient environment 
dominating the cell temperature. In the case of each catalyst 
run, the total output power Pj was determined by solving 
Eq. ( 16) using the measured A7\ The excess power was 
determined from Eq. (15). 



3. Results 

3. J. Line broadening measurements 

The results of the 656.2 nm Balmer a line width measured 
with a high resolution (±0.025 nm) visible spectrometer on 
glow discharge plasmas of a mixture of 10% hydrogen and 
90% xenon, strontium with hydrogen, a mixture of 10% 
hydrogen and 90% helium, or argon, 10% hydrogen with 
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Fig. 2. The experimental setup for generating a gtow ; discharge plasma and for measuring the power balance. 



I alone high voltage power supply (950 V ) and ai| acquisition 
controller (SpectrAcq 2). The data was obtained ia a single 
3 accumulation with a 1 s integration timev : ^ 

2.2. Power cell apparatus and procedure 

5 Power balances werej measured on plasmas with (1) 
krypton alone, (2) kryptote-hydrbgen mixture (3) a 

7 mixture of hydrogen and, vaporized strontium, (4) argon- 
hydrogen mixture and (5) a helium-hydrogen 
9 mixture ( y %) or an argon-hydrogen mixture ( y%) with 
vaporized strontium. The plasmas were maintained in the 
1 1 cylindrical stainless steel gas cell shown in Fig. 1, and the 
power was measured by heat loss calorimetry as the input 
13 power was varied. The experimental setup for generating 
a glow discharge plasma and for measuring the power bal- 
15 ance is shown in Fig. 2. All experiments were performed 
in a clean room having a controlled ambient temperature of 
17 ±0.1°C 



The 304-stainless steel cylindrical cell was 9.21 cm in 
diameter and 14.5 cm in height. The base of the cell con- 19 
tained a welded-in stainless steel thermocouple well ( 1 cm 
OD) which housed a thermocouple in the cell interior ap- 21 
proximately 2 cm from the discharge and 2 cm from the cell 
axis. The top end of the cell was welded to a high vacuum 23 
1 1 .75 cm diameter conflat flange. A silver plated copper gas- 
ket was placed between a mating flange and the cell flange. 25 
The two flanges were clamped together with 10 circumfer- 
ential bolts. The mating flange contained four penetrations 27 
comprising ( 1 ) a stainless steel thermocouple well ( 1 cm 
OD) which also housed a thermocouple in the cell interior 29 
approximately 2 cm from the discharge and 2 cm from the 
cell axis, (2) a centered high voltage feedthrough which 31 
transmitted the power, supplied through a power connector, 
to a hollow cathode inside the cell, and (3) two stainless 33 
steel tubes (0.95 cm diameter and 1 00 cm in length) with 
one welded flush with the bottom surface of the top 'flange 35 
that served as a vacuum line from the cell and the second 
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I tare of strontium, cesium, potassium, or rubidium with 97% 
argon and 3% hydrogen was 750, 70, 16, and 13 uW/cm 2 , 
3 respectively [13]. Whereas, the optically measured light 
output power of the argon-hydrogen mixture (y%) alone 
5 or with sodium or magnesium was about 1 1 uW/cm 2 , and 
the result for hydrogen or argon alone was 1.5 pW/cm 2 . 
7 An excess thermal balance of 42 W was measured for 
the 97% argon and 3% hydrogen mixture versus argon 
9 plasma alone. 

To further study the mechanism of the excess optical 
1 1 power balances, the width of the 656.2 nm Balmer a line 
emitted from glow discharge plasmas having atomized 
1 3 hydrogen from pure hydrogen alone, hydrogen with magne- 
sium or strontium, and noble gas-hydrogen mixtures alone 
15 or with strontium was measured with a high resolution 
(±0.025 nm) visible spectrometer. Since line broadening 
17 is a measure of the plasma temperature, and a significant 
difference was observed between these noble gases and due 
19 to the presence of strontium, the power balances of glow 
discharge plasmas were measured by heat loss calorimetry 
21 (determining the power balance from the temperature at 
steady state relative to that of a control power source) as 
the input power was varied. 



2. Experimental 

2. I. High resolution visible spectroscopy 25 

The width of the 656.2 nm Balmer a line emitted from 
glow discharge plasmas having atomized hydrogen from 27 
pure hydrogen alone, hydrogen with magnesium or stron- 
tium, a mixture of 1 0% hydrogen and helium, argon, kryp- 29 
ton, or xenon, and a mixture of 10% hydrogen and helium or 
argon with strontium was measured with a high resolution 3 1 
visible spectrometer at Jobin Yvon Horiba, Inc, Edison, NJ. 
The plasmas were carried out in the cylindrical stainless steel 33 
gas cell shown in Fig. 1 and described in Section 2.2. The 
spectrometer was a TRIAX 550 Spectrometer witSf a stan- 35 
dard PMT detector that had a resolution of ±0.025.nm over 
the spectral range 190-860 nm. A UV-gradeVslapprVtn^win- 37 
dow described in Section 2.2 provided afvisible; light path 
from inside the cell. The plasma emis^6b>froni : the glow 39 
discharges was fiber-optically coupled "tbf the" spectrometer 
through a 220F matching fiber adapter. The entrance and 41 
exit slits were set to 20 urn^l^^r^n^nieter was scanned 
between 656-657 nm using a Q&V nm step size. The signal 43 
was recorded by a PMT^Harnarnatsu R928) with a stand 
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Fig. 1. Cylindrical stainless steel glow discharge cell for 656.2 nm Balmer a line width and power balance studies. 



IHE 13381 



ARTICLE IN PRESS 



R.L Mills et ail International Journal of Hydrogen Energy III fill IJ 1 1 1- 1 II 



1 I 



13 



15 



17 



19 



21 



23 



25 



27 



29 



31 



33 



35 



37 



39 



41 



43 



45 



47 



49 



51 



53 



second ionization energy of neon is 40.96 eV, and H + re- 
leases 13.6 eV when it is reduced to H. The combination of 
reactions of Ne + to Ne 2+ and H + to H, then, has a net en- 
thalpy of reaction of 27.36 eV, which is equivalent to m = 1 
in Eq. (4). Neon is not covered in this report, but is the 
subject of a report in progress. 

The published ionization potentials are a good guide 
to predict catalysts and have been remarkably successful 
[8-11,14,15,17,18], but in some cases, the ionization data 
is incomplete [30]. Experimental condition-dependent cat- 
alytic rates are also a consideration. The absolute means 
to evaluate catalysts are experimental tests. Two methods 
are the formation of a plasma by incandescent heating the 
source of catalyst in the presence of atomic hydrogen [15] 
and line broadening which was measured in the present 
work. 

1.5. Initial optical and thermal power balance 
measurements 

Glow discharge devices have been developed over 
decades as light sources, ionization sources for mass spec- 
troscopy, excitation sources for optical spectroscopy, and 
sources of ions for surface etching and chemistry [31-33], 
A Grimm-type glow discharge is a well established exci- 
tation source for the analysis of conducting solid samples 
by optical emission spectroscopy [34-36]. Despite exten- 
sive performance characterizations, data was lacking on 
the plasma parameters of these devices. Kuraica and Kon- 
jevic [37] and Videnocic et al. [38] have characterized 
these plasmas by determining the excited hydrogen atom 



with hydrogen, hydrogen-argon mixtures, or strontium 55 
alone. 

The power balance of a gas cell having vaporized 57 
strontium and atomized hydrogen from pure hydrogen or 
argon-hydrogen mixture (%%) was measured by inte- 59 
grating the total light output corrected for spectrometer 
system response and energy over the visible range [II]. 61 
Hydrogen control cell experiments were identical except 
that sodium, magnesium, or barium replaced strontium. In 63 
the case of hydrogen-sodium, hydrogen-magnesium, and 
hydrogen-barium mixtures, 4000, 7000, and 6500 times 65 
the power of the hydrogen-strontium mixture was required, 
respectively, in order to achieve that same optically mea- 67 
sured light output power. With the addition oj^argon to 
the hydrogen-strontium plasma, the power re^uflred to 69 
achieve that same optically measured li^^^tr^u^gower 
was reduced by a factor of about two. T&e powe$ required 71 
to maintain a plasma of equivalent oj^a^brJj^ness with 
strontium atoms present was 860Q|md 630Q Bines less than 73 
that required for argon-hydrogen and argqii' control, respec- 
tively. A plasma formed a^cfcll vdttage of about 250 V 75 
for hydrogen alone and s^iun^%drogen mixtures, 140 
-150V for hydroger^magriesium and hydrogen-barium 77 
mixtures, 224 V for an argon-hydrogen mixture, and 190 V 
for argon alone; whereas* a plasma formed for hydrogen- 79 
strontium mixtures and ^rgon-hydrogen-strontium mix- 
tures at ex|remely£Jow voltages of about 2 and 6.6 V, 81 
respecl^rely.'"'"%>,,.^' 

Tr^ gower .. balances of gas plasmas having atomized 83 
Jvjfaroge^j^m pure hydrogen alone, an argon-hydrogen 
<^mrxture alone, or pure hydrogen or an argon-hydrogen 85 
concentrations and energies from measurements of the line mixture with vaporized potassium, rubidium, cesium, stron- 
broadening of the 656.2 nm Balmer a line. || tium, sodium, or magnesium were previously reported [13]. 87 

A new previously reported plasma source [8-1 1, L4£l 5, :: ^^^ne power was measured by integrating the total light out- 

-r ,m l ^ j it i : j_df=-„^-_ * ' p Ut corrected for spectrometer system response and energy 89 

over the visible range as the input power was varied. The 
light emitted per unit power supplied to the glow discharge 91 
increased by over two orders of magnitude depending on 
the presence of less than 1% partial pressure of certain 93 
of the alkali or alkaline earth metals in hydrogen gas or 
argon-hydrogen gas mixtures. Whereas, other chemically 95 
similar metals had no effect on the plasma. The metal vapor 
enhancement of the emission was dramatically greater with 97 
an argon-hydrogen mixture versus pure hydrogen, and a 
97% argon and 3% hydrogen mixture had greater emission 99 
than either gas alone. Only those atoms or ions which ion- 
ize at integer multiples of the potential energy of atomic 101 
hydrogen, K, Cs, Rb + , Sr, and Ar + caused an anomalous 
increase in emission; whereas, no anomalous behavior was 103 
observed in the case of Mg and Na which do not provide 
a reaction with a net enthalpy of a multiple of the potential 1 05 
energy of atomic hydrogen. The light intensity versus power 
input of a mixture of these metals with hydrogen, argon, or 107 
argon-hydrogen gas was the same as that of the correspond- 
ing gas alone. At an input power to the glow discharge of 109 
10 W, the optically measured light output power of a mix* 



17,18] has been developed that operates by incande&entJ 
heating a hydrogen dissociator and a catalyst,. to^ptb^de^ 
atomic hydrogen and gaseous catalyst, resr^Tive^siicn 
that the catalyst reacts with the atomic hy toge^^prdduce 
a plasma. It was extraordinary, that intense ygyWemission 
was observed by Mills et al. [8-1 l,14,15;17;i8|at low tem- 
peratures (e.g. « I0 3 K) from atomic hydfogen and certain 
atomized elements or certain gaseous ions which singly or 
multiply ionize at integer multiples of the potential energy 
of atomic hydrogen, 27.2 eV that comprise catalysts. 

Furthermore, Mills et ak [10;} 1,1 4] have reported that - 
strontium atoms each -ionize at an integer multiple of 
the potential energy of atomic hydrogen and caused in- 
tense EUV emission. The enthalpy of ionization of Sr to 
Sr 5+ has a; net enthalpy of reaction of 188.2 eV, which 
is equivalent to in = 7. The emission intensity of the 
plasma generated by atomic strontium increased signifi- 
cantly with the introduction of argon gas only when Ar + 
emission was observed. Whereas, no emission was ob- 
served when chemically similar atoms that do not ionize at 
integer multiples of the potential energy of atomic hydro- 
gen (sodium, magnesium, or barium) replaced strontium 
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1 reaction, or inelastic scattering reaction which can absorb 
the exact amount of energy that must be removed from the 

3 hydrogen atom to cause the transition. Thus, a catalyst pro- 
vides a net positive enthalpy of reaction of m* 27.2 eV (i.e. it 

5 absorbs m * 27.2 eV where m is an integer). Certain atoms or 
ions serve as catalysts which resonantly accept energy from 

7 hydrogen atoms and release the energy to the surroundings 
to effect electronic transitions to fractional quantum energy 

9 levels. 

The catalysis of hydrogen involves the nonradiative trans- 

1 1 fer of energy from atomic hydrogen to a catalyst which may 
then release the transferred energy by radiative and nonra- 

13 diative mechanisms. As a consequence of the nonradiative 
energy transfer, the hydrogen atom becomes unstable and 

15 emits further energy until it achieves a lower-energy nonra- 
diative state having a principal energy level given by Eqs. 

17 (2a) and (3). 

1.4. Catalysts 

19 L4.J. Argon ion 

Argon ions can provide a net enthalpy of a multiple of that 
21 of the potential energy of the hydrogen atom. The second 
ionization energy of argon is 27.63 eV. The reaction Ar + to 
23 Ar + has a net enthalpy of reaction of 27.63 eV, which is 



25 



27 



29 



31 



33 



35 



37 



39 



41 



1.42, Heliwn ion 

Helium ion (He + ) is also such a catalyst because the 
second ionization energy of helium is 54.41 7 eV, which is 
equivalent to m — 2 in Eq. (4). In this case, the catalysis 
reaction is 



54.417 eV + He + + H[a H ] 

- He 2+ + e~ + H [y ] + 108.8 eV, 

He 2+ + e~ — He + + 54.417 eV, 
and, the overall reaction is 
H[a H ] — H [y ] + 54.4 eV + 54.4 eV. 




(9) 



(10) 



equivalent to m = I in Eq. (4). 
27.63 eV + Ar + + H " H 



188.2 eV *:Sr(mK+ H 



Ar + +e" 



+ H 



OH 



Up+D 

Ar + + 27.63 eV : 
and, the overall reaction is 



+ [(P+1) 2 -P*]*13.6 eV, 



Ar 2+ +e 



(5) 
(6)T 



an 



(P + D 
p 2 ]X\3.6 eV 



_$ 5+ + 5e 



H 



L P 



H 



(P+l) 



+ [(/>+ 1 ) 2 - /TjA-nAeYSC j 

The energy given off during catalysis is much greater than 
the energy lost to the catalyst. The enet^ released is large 
compared to conventional chemicatreactidhs. For example, 
when hydrogen and oxygen gases undergo combustion to 
form water .. -y^ 



Sr(m) + 188.2 eV 

and, the overall reaction is 
0h 



(12) 



(13) 



H [a]-H 



0> + 7) 



+ [(p + 7f - p 2 ]XU.6cV. 



(H) 



H 2 (g)+i02(g)^H20(i) 



(8) 



the known enthalpy b£ forrnation of water is A//f = 
-286 kJ/mole or K48 eV per hydrogen atom. By contrast, 
each {n = 1) ordinary; hydrogen atom undergoing cataly- 
sis releases a net of 40.8 eV. Moreover, further catalytic 
transitions may occur n = ~ — ► ^, | — ► J, \ — * |, and 
so on. Once catalysis begins, hydrinos autocatalyze further 
in a process called disproportionate. This mechanism is 
similar to that of an inorganic ion catalysis. But, hydrino 
catalysis should have a higher reaction rate than that of 
the inorganic ion catalyst due to the better match of the 
enthalpy to m * 27.2 eV. 



43 



45 



47 



1.4.3. Atomic strontium 

Strontium atoms can provide a n^ent] 
of that of the potential energy ofvthe hyepbgen atom. The 
first through the fifth ioniza^r^en%gies|of strontium are 
5.69484, 11.03013, 42.894|7^a^^rf.6 eV, respectively 
[30). The ionization reaction !&|5>r tc? §r 5+ , (/ = 5), then, has 53 
a net enthalpy of reactionj6f 188:2 eV, which is equivalent^ 
to m — 7 in Eq. (4). r^?f 



a multiple 49 



51 



55 



57 



For strontium, the ionization data is only given to two sig- 
nificant figures [31]; whereas, at least three are needed to 
calculate the enthalpy of reaction to determine whether it is 
a catalyst. Since the available data indicates that strontium 
may provide an enthalpy of reaction that is within about 1% 
of m • 27.2 eV, it was anticipated and confirmed to be cata- 
lyst [10,1 1,13-15]. 

Xenon is unlikely a catalyst since the candidate reaction 
involving the ionization of Xe + to Xe 3+ is 53.3328 eV rather 
than 54.4 eV. Krypton may be a catalyst, but is less likely 
since the candidate reaction Kr to Kr 6+ is 271 eV rather 67 
than 272 eV; however, the available ionization data [30] is 
not known to sufficient accuracy. A neon ion and a proton 
can also provide a net enthalpy of a multiple of that of 
the potential energy of the hydrogen atom; thus, neon may 
be a catalyst in a very intense neon-hydrogen plasma. The 
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1 (12) the observation of Lyman series in the EUV that 
represents an energy release about 10 times that of hydrogen 
3 combustion which is greater than that of any possible known 

chemical reaction [6-1 1,14-18], 
5 (13) the observation of line emission by the lnstirut fur 
Niedertemperatur-Plasmaphysik e.V. with a 4 grazing inci- 
7 dence EUV spectrometer that was 100 times more energetic 

than the combustion of hydrogen [16], 
9 (14) the observation of anomalous plasmas formed with 
Sr and Ar + catalysts at 1% of the theoretical or prior known 
1 1 voltage requirement with a light output per unit power input 
up to 8600 times that of the control standard light source 
13 [10,11,13,14], 

(15) the observation that the optically measured output 
1 5 power of gas cells for poweT supplied to the glow discharge 
increased by over two orders of magnitude depending on the 
1 7 presence of less than 1 % partial pressure of certain catalysts 

in hydrogen gas or argon-hydrogen gas mixtures [ 1 3], 
19 ( 1 6) the differential scanning caJorimetry (DSC) measure- 
ment of minimum heats of formation of KHI by the catalytic 
21 reaction of K with atomic hydrogen and Kl that were over 
—2000 kJ/mole H2 compared to the enthalpy of combustion 
23 of hydrogen of -241.8 kJ/mole H 2 [25], 

( 17) the isolation of novel hydrogen compounds as prod- 
25 ucts of the reaction of atomic hydrogen with atoms and ions 

which formed an anomalous plasma as reported in the EUV 
27 studies [19-25], 

(18) the identification of novel hydride compounds by 
29 (i) time of flight secondary ion mass spectroscopy which 

showed a dominant hydride ion in the negative ion spec- 
3 1 trum, ( ii) X- ray photoelectron spectroscopy which showed 

novel hydride peaks and significant shifts of the core levels ,0$ 
33 of the primary elements bound to the novel hydride ions, ( iii-j^ 

'H nuclear magnetic resonance spectroscopy (NMR) wbtch%r s 
35 showed extraordinary upfield chemical shifts compared* to 

the NMR of the corresponding ordinary hyoVidc^an^iy)^' 
37 thermal decomposition with analysis by gas^cnYoinatog^ 

phy, and mass spectroscopy which identified tM^compounds 
39 as hydrides [19-25], " 

( 1 9) the NMR identification of novefety^Wjixmpounds 
41 MH*X wherein M is the alkali or'alkaJ iftcr earth metal, X, 

is a halide, and H* comprises ar-novel High binding energy 

43 hydride ion identified by a large distinct upfield resonance 
[19-24], 0' "' " 

45 (20) the replication* of ^« NMjR results of the identifica- 
tion of novel hydride ctfmpourrds by large distinct upfield 

47 resonances at Spec&aF D&ia Services, University of Mas- 
sachusetts AmKerst, University of Delaware, Grace Davi- 

49 son, and National Research Council of Canada [19], and 

(21 ) the NMR identification of novel hydride compounds 

51 MH* and MH? wherein M is the alkali or alkaline earth 
metal and H* comprises a novel high binding energy hy- 

53 dride ion identified by a large distinct upfield resonance that 
proves the hydride ion is different from the hydride ion of 

55 the corresponding known compound of the same composi- 
tion [19]. 



1.3. Mechanism of the formation of lower-energy atomic 
hydrogen 

The mechanism of the EUV emission, the formation of 
novel hydrides, and the observation of certain EUV lines 
from interstellar medium and the sun cannot be explained 
by the conventional energy levels of hydrogen, but it is 
predicted by a solution of the Schrodinger equation with a 
nonradiative boundary constraint put forward by Mills [1]. 
Mills predicts that certain atoms or ions serve as catalysts 
to release energy from hydrogen to produce an increased 
binding energy hydrogen atom called a hydrino atom having 
a binding energy given by Eq. (2a) where 



1 1 1 



P 



(3) 



2'3'4 y 

and p is an integer greater than 1, designated as§H[tfH//>] 



dnnos are 



where an is the radius of the hydrogen a tort 
predicted to form by reacting an /ordinary, hydrogen atom 
with a catalyst having a net enthafew of reaction of about 

m-27.2eV ' (4) 



where m is an integer^Ttos cataiysis releases energy from 
the hydrogen atom wijh 1 a ^commensurate decrease in size of 
the hydrogen atom, r„ ^na» . For example, the catalysis of 
H(n = 1 ) to, H{%^ \) releases 40.8 eV, and the hydrogen 
radius decreases fS&n <?h to \aa. 

The^excitedlen^rgy states of atomic hydrogen are also 
given) pv^Eq. (2%) 1 except with Eq. (2b). The n = 1 state is 
the vt grouno^^tate for "pure" photon transitions (the n — 1 
^tate^can "absorb a photon and go to an excited electronic 
r state£but it cannot release a photon and go to a lower-energy 
electronic state). However, an electron transition from the 
^ ground state to a lower-energy state is possible by a nonra- 
^diative energy transfer such as multipole coupling or a res- 
onant collision mechanism. These lower-energy states have 
fractional quantum numbers, n = (1 /integer). 

Processes that occur without photons and that require col- 
lisions are common. For example, the exothermic chemical 
reaction of H+H to form H2 does not occur with the emission 
of a photon. Rather, the reaction requires a collision with a 
third body, M, to remove the bond energy-H + H + M — ► 
H 2 + H* [28]. The third body distributes the energy from the 
exothermic reaction, and the end result is the H2 molecule 
and an increase in the temperature of the system. Some com- 
mercial phosphors are based on nonradiative energy trans- 
fer involving multipole coupling. For example, the strong 
absorption strength of Sb 3+ ions along with the efficient 
nonradiative transfer of excitation from Sb 3+ to Mn 2+ are 
responsible for the strong manganese luminescence from 
phosphors containing these ions [29]. Similarly, the n — I 
state of hydrogen and the n = (1/integer) states of hydro- 
gen are nonradiative, but a transition between two nonradia- 
tive states is possible via a nonradiative energy transfer, say 
n — I to n = \. In these cases, during the transition the elec- 
tron couples to another electron transition, electron transfer 
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different theory for the hydrogen atom, was developed by 
Schrodinger, and independently by Heisenberg, in 1 926. 

e 2 13.598 eV 



11 



13 



15 



17 



19 



21 



23 



25 



27 



29 



31 



33 



35 



37 



39 



41 



43 



45 



47 



n= 1,2,3,... 



(2a) 
(2b) 



where oh is the Bohr radius for the hydrogen atom 
(52.947 pm), e is the magnitude of the charge of the elec- 
tron, and Bo is the vacuum permittivity. Based on the solution 
of a Schrodinger- type wave equation with a nonradiative 
boundary condition from MaxwelFs equations, Mills [1- 
27] predicts that atomic hydrogen may undergo a catalytic 
reaction with certain atomized elements or certain gaseous 
ions which singly or multiply ionize at integer multiples 
of the potential energy of atomic hydrogen, 27.2 eV. The 
reaction involves a nonradiative energy transfer to form a 
hydrogen atom that is lower in energy than unreacted atomic 
hydrogen that corresponds to a fractional principal quantum 
number where Eq. (2b) should be replaced by Eq. (2c). 



n= 1,2,3, 



and, "=2>3>4> 



(2c) 



A number of independent experimental observations lead to 
.the conclusion that atomic hydrogen can exist in fractional 
quantum states that are at lower energies than the traditional 
"ground" {n = I) state. 

7.2. Lower-energy hydrogen experimental data 



of the potential energy of atomic hydrogen and caused no 
emission. Additional prior studies that support the possibil- 
ity of a novel reaction of atomic hydrogen which produces 
a plasma and lower-energy-hydrogen atoms, molecules, 
hydride ions, and novel hydride compounds include: 

( 1 ) the observation of novel EUV emission lines from mi- 
crowave and glow discharges of helium with 2% hydrogen 
with energies of q-\ 3.6 eV where q= I, 2, 3, 4, 6, 7, 8, 9, 
or 1 1 or these lines inelastically scattered by helium atoms 
in the excitation of He ( 1 s 2 ) to He ( 1 s ! 2p' ) that were iden- 
tified as hydrogen transitions to electronic energy levels be- 
low the "ground" state corresponding to fractional quantum 
numbers [6], y 

(2) the identification of transitions of atomic hydrogen to 
lower energy levels corresponding to lower ener^hyiirogen 
atoms in the extreme ultraviolet emission::^ 
interstellar medium and the sun [1,4,6], 

(3) the EUV spectroscopic observation oiJjnes.by the In- 
stitut fur Niedertemr^eratur-Plasmaj^ could be 
assigned to transitions of atomic hydrogejito lower energy 
levels corresponding to fractwrSI principal quantum num- 
bers and the emission from the excitation of the correspond- 
ing hydride ions [ 1 6]gpfe^. 

(4) the recent anal^sisrof mobility and spectroscopy data 
of individual electrons iiS liquid helium which shows direct 
exrjerimentaJr^fifinnat^ electrons may have fractional 
principal qi^riim^ergy levels [5], 

(5) v tjfe obl^afron of novel EUV emission lines from 
micr^a^discn^rges of argon or helium with 10% hydro- 
gerV uhatSmaterfed those predicted for vibrational transitions 

^tHJ [n 3f; n m = 2] + with energies of v • 1 . 1 85 eV, u = 1 7- 



Prior studies that support the possibility of a novel re- 
action of atomic hydrogen which produces a chemically 

generated or assisted plasma and produces novel hydride 38 matt terminated at the predicted dissociation limit, £b, of 
compounds include extreme ultraviolet (EUV) spectroscopy! H ? [* = j] + , £d = 42.88 eV (28.92 nm) [7], 
[6-1 1,14-18], characteristic emission from catalysis^and ; %^.^(6) the observation of continuum state emission of Cs 2 " 1 " 
the hydride ion products [8,9], lower-energy hydrogen and Ar 2 " 1 " at 53.3 and 45.6 nm, respectively, with the absence 



emission [4,6,7], plasma formation [8-1 l,14 f W ; r7;18]^f 
anomalous plasma afterglow duration [nj^power^geb 1 
eration [10-14,25], and analysis of chenwa^cpmpauhds 
[19-25]. Typically the emission of vaoyn^^^Violet light 
from hydrogen gas is achieved usingf&scfiar£es at high 
voltage, synchrotron devices, hi^p^efvinductively cou- 
pled plasma generators, or a plasjha is created and heated to 
extreme temperatures by ^couplmgj[e\g. > 10 6 K) with 
confinement provided b)$a toroi&f*magnetic field. Obser- 
vation of intense exteein^ultrapolet (EUV) emission at 
low temperatures Je.g. %^(^^ from atomic hydrogen and 
certain atomized elemen^^ certain gaseous ions [6-11,14 
-18] has been reported previously. The only pure elements 
that were observed to emit EUV were those wherein the 
ionization of / electrons from an atom to a continuum en- 
ergy level is such that the sum of the ionization energies of 
the / electrons is approximately m • 27.2 eV where / and m 
are each an integer. K, Cs, and Sr atoms and Rb + ion ionize 
at integer multiples of the potential energy of atomic hydro- 
gen and caused emission. Whereas, the chemically similar 
atoms, Na, Mg, and Ba, do not ionize at integer multiples 



of the other corresponding Rydberg series of lines from these 
species which confirmed the resonant nonradiative energy 
transfer of 27.2 eV from atomic hydrogen to the catalysts 
atomic Cs or Ar + [9], 

(7) the spectroscopic observation of the predicted hydride 
ion H~( j ) of hydrogen catalysis by either Cs atom or Ar + 
catalyst at 407 nm corresponding to its predicted binding 
energy of 3.05 eV [9], 

(8) the observation of characteristic emission from K 3+ 
which confirmed the resonant nonradiative energy transfer 
of 3 * 27.2 eV from atomic hydrogen to atomic K [9], 

(9) the spectroscopic observation of the predicted H"( ~ ) 
ion of hydrogen catalysis by K catalyst at 1 1 0 nm corre- 
sponding to its predicted binding energy of 1 1 .2 eV [9], 

( 10) the observation by the Institut fur Niedertemperatur- 
Plasmaphysik e.V. of an anomalous plasma and plasma af- 
terglow duration formed with hydrogen-potassium mixtures 
[17], 

(11) the observation of anomalous afterglow durations 
of plasmas formed by catalysts providing a net enthalpy of 
reaction within thermal energies of m • 27.28 eV [17,18], 
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Abstract ^ 

1 Line broadening of the hydrogen Balmer lines provides a sensitive measure of the number and energy of excited hydrogen 

atoms in a glow discharge plasma. The width of the 656.2 nm Balmer a line emitted from glow discharge plasmas having 
9 atomized hydrogen from pure hydrogen alone, hydrogen with magnesium or strontium, admixture of 10% hydrogen and 

helium, argon, krypton, or xenon, and a mixture of 10% hydrogen and helium or argoh^ with strontium was measured 
11 with a high resolution (±0.025 nm) visible spectrometer. It was found that strontiun^hy%o argon- 
hydrogen, strontium-helium-hydrogen, and strontium-argon-hydrogen plasmas showe#significant broadening corresponding 
13 to an average hydrogen atom temperature of 25-45 eV; whereas, pure hydrogen, krypton-rhydrogen, xenon-hydrogen, and 

magnesium— hydrogen showed no excessive broadening corresponding to an average hydrogen atom temperature of » 3 eV. 
15 Since line broadening is a measure of the plasma temperature, and a significant difference was observed between these noble 

gases, the power balances of glow discharge plasmas of ( 1 ) pure krypton aldne^(2) a mixture of hydrogen with argon or 
17 krypton and (3) a mixture of hydrogen and helium or argon with vaj^rizea strontium were measured. The power emitted 

for power supplied to the glow discharge increased by 35-83 W de^ndilg^pn^the presence of helium or argon and less than 
19 1% partial pressure of strontium metal in noble gas-hydrogen mixtures. Wnereas, the chemically similar noble gas krypton 

alone or with hydrogen had no effect on the power balance^ Catalyst a|oms or ions which ionize at integer multiples of the 
2] potential energy of atomic hydrogen (Sr, He + , or Ar + ) caused an increase in power, whereas, no excess power was observed 

in the case of krypton which does not provide a reaction wtth^a net enthalpy of a multiple of the potential energy of atomic 
23 hydrogen under these conditions. For a power input to the glow discharge of 110 W, the excess output power of mixtures of 

strontium with argon-hydrogen ( y %), strontiuTOwitH androgen, strontium with helium-hydrogen ( y %), and argon-hydrogen 
25 ( y %) was 75, 58, 50, and 28 W, respectivei^Dased^a comparison of the temperature rise of the cell with krypton-hydrogen 

mixture (y%) and krypton alone. The input j^E^er was varied to find conditions that resulted in the optimal output for the 
27 strontium-hydrogen plasma. At 136 ^Thj^^ tn%excess power significantly increased to 184 W. These studies provide a 

useful comparison of catalysts for the oi^^tzation of a catalytic reaction of atomic hydrogen which represents an important 
29 new power source. © 2001 Publisli^tfc^f E&^vier Science Ltd on behalf of the International Association for Hydrogen Energy. 

'>\1 

... , 



1. Introduction ^ ^ ^ 

31 L /. Background 

Balmer showed in 1885 that the frequencies for some 
33 of the lines observed in the emission spectrum of atomic 
hydrogen could be expressed with a completely empirical 
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relationship. This approach was later extended by Rydberg, 
who showed that all of the spectral lines of atomic hydrogen 
were given by the equation: 



-(H) 



(1) 



where /? = 109,677 cm -1 , «/ = 1,2,3,..., it, = 2,3,4,..., 
and rtj > /?/. 

Niels Bohr, in 1913, developed a theory for atomic hy- 
drogen that gave energy levels in agreement with Ryd- 
berg's equation. An identical equation, based on a totally 
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Figure 1. The experimental set up comprising a microwave 
discharge gas cell light source and an EUV spectrometer which was 
differentially pumped. 

Figure 2. The general system design of the Calvet calorimeter. 

Figure 3. Cylindrical stainless steel gas discharge cell and Calvet 
instrument for plasma energy balance studies of argon with the addition 
of 3% hydrogen compared to xenon with the addition of 3% hydrogen. 

Figure 4. The EUV spectrum (90-165nm) of the cell emission from 
the hydrogen plasma (dotted line) and the hydrogen plasma to which 5% 
argon was added (solid line). 

Figure 5. The Calvet voltage of as a function of the input power 
applied to each of the control gases, hydrogen, krypton, and xenon alone, 
at 3 Torr total pressure was plotted for the input power range of 10 W to 
100 W. 

Figure 6. At constant input power, the Calvet signal response upon 
the switch of a 3 Torr argon plasma to plasma with 0.08 Torr of hydrogen 
and 2.92 Torr of argon. The integral of the power over the exotherm 
gave an energy balance of -151,000 Ul moleH 2 . 

Figure 7. At constant input power, the Calvet signal response upon 
the switch of a 3 Torr xenon plasma to plasma with 0.08 Torr of 
hydrogen and 2.92 Torr of xenon where no exotherm was observed. 
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<7 = 1,2,3,4,6,7,8,9,11J2 [6-7, 17] and the studies given in Section B of the 
Introduction which show very large energy balances. 

Since the net enthalpy released may be over several hundred times 
that of combustion, the catalysis of atomic hydrogen represents a new 
source of energy with H 2 0 as the source of hydrogen fuel. Moreover, 
rather than air pollutants or radioactive waste, novel hydride compounds 
with potential commercial applications are the products [26-32]. Since 
the power is in the form of a plasma, direct high-efficiency, low cost 
energy conversion may be possible [33-35], thus, avoiding a heat engine 
such as a turbine or a reformer-fuel cell system. Significantly lower 
capital costs and lower commercial operating costs than that of any 
known competing energy source are anticipated. 
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hydrogen, krypton, or xenon alone, (Eq. (11)) was determined to be 

V = 7.93 + 2.25 xP T (12) 
An argon plasma was maintained at a constant 20 W input power 
until steady state. The Calvet voltage significantly increased upon the 
addition of 3% hydrogen, and the output signal was recorded until the 
signal returned to baseline as shown in Figure 6. Due to the long 
response time of the Calvet calorimeter (20 hours), the result shown in 
Figure 6 was essentially the Calvet impulse response. The excess power 
was determine from Eq. (12) and Eq. (10). The integral of the power over 
the exotherm gave an energy balance of -151,000 U/moleH 2 . The 
experiment was repeated for xenon. The addition of hydrogen did not 
produce an exotherm as shown in Figure 7. 

IV. DISCUSSION 

Upon the addition of 5% argon to a hydrogen plasma, the Lyman 
alpha emission was observed to increase by about an order of magnitude 
which indicated an increase in the plasma temperature; whereas, no 
effect was observed with xenon. Thus, the energy balances of argon- 
hydrogen glow discharge plasmas were measured using Calvet 
calorimetry. The steady state Calvet voltage significantly increased upon 
the addition of 3% hydrogen, and the output signal was integrated until 
the signal returned to baseline. Energy balances of over 
-151,000 kJlmoleH 2 were measured compared to the enthalpy of 
combustion of hydrogen of -241.8 kJlmoleH 2 . Whereas, under identical 
conditions no change in the Calvet voltage was observed when hydrogen 
was added to a plasma of xenon. 

Argon is a source of the catalyst, Ar + ; whereas, xenon does not 
provide a reaction with a net enthalpy of a multiple of the potential 
energy of atomic hydrogen under these conditions. The presently 
observed energy balances were about IZSeVIHatom . The results indicate 
that once a hydrino atom is formed by a catalyst (Eqs. (5-7)) further 

* i *• * 1 1 1. 1 1 1 . 

catalytic transitions: n = — >-, — > — , — > and so on occur to a 

2 3 3 4 4 5 
substantial extent. This is consistent with the previously reported series 
of lower-energy hydrogen lines with energies of q *13.6eV where 
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cell had reached a thermal steady state with each increase in the input 
power to the glow discharge which typically occurred in 20 hours. At 
this point, the power lost from the cell P hss was equal to the total power 
P T supplied to the cell P in plus any excess power P ex . 

PT = P in + P«=P l( ,ss (10) 

Since the heat transfer was dominated by conduction, the output voltage 
of the cell V was modeled by a linear curve 

V = aP T + C (11) 

where a and C are constants for the least square curve fit of the Calvet 
voltage response to power input for the control experiments (/^=0). V 
was recorded as a function of input power P in for noncatalyst controls as 
the input power was varied. The higher voltage produced by the catalyst 
gas with hydrogen compared with the control gases was representative of 
the excess power. In the case of the catalyst run, the total output power 
P T was determined by solving Eq. (11) using the measured V. The excess 
power P ex was determined from Eq. (10). The integral of the excess 
power P ex over time gave the excess energy £„. 

III. RESULTS 

A. Argon-hydrogen microwave emission spectrum 

The EUV spectrum (90-165wn) of the cell emission from the 
hydrogen plasma (dotted line) and the hydrogen plasma to which 5% 
argon was added (solid line) is shown in Figure 4. Upon the addition of 
5% argon, the hydrogen Lyman a emission intensity was observed to 
increase by about an order of magnitude which is indicative of a higher 
plasma temperature. Essentially no effect was observed for the addition 
of 5% xenon to the hydrogen plasma. 

B. Power balance measurements 

The Calvet voltage as a function of the power applied to each of the 
control gases at 3 Torr total pressure was plotted for the input power 
range of 10 W to 100 W as shown in Figure 5. The least squares fit of the 
V response to unit input power calculated from the control plasmas, 
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The elbow port of the Tee was attached to a vacuum gauge, a needle 
valve, and then a vacuum pump. 

The gas in each experiment was ultrahigh pure grade or higher 
(Praxair). Test gases comprised hydrogen alone, krypton alone, xenon 
alone, xenon with the initial addition of 3% hydrogen, argon alone, and 
argon with the initial addition of 3% hydrogen. In the case of calibration 
experiments, the steady state Calvet voltage output was recorded as the 
power was varied over the power range of 10 W to 100 W for plasmas of 
pure hydrogen, krypton, or xenon at 3 Torr. 

In the case of energy balance measurements, the noble gas 
pressure inside the cell was maintained at 3 Torr under static discharge 
conditions. After the calorimeter reached a steady state with 20 W of 
input power to the plasma, the total pressure was reduced by pumping, 
and hydrogen was added until the total pressure was 3 Torr for an initial 
noble gas-hydrogen mixture of 97/3%. Each gas flow was controlled by a 
0-20 seem range mass flow controller (MKS 1179A21CS1BB) with a 
readout (MKS type 246). The cell pressure was monitored by a 0-10 Torr 
MKS Baratron absolute pressure gauge. After achieving the desired gas 
mixture, the cell was run static with the input power unchanged. The 
Calvet output voltage was recorded as the hydrogen was consumed as 
indicated by a 3% drop in pressure as the elevated signal returned to 
baseline. No exotherm or pressure drop was observed in the case of 
xenon-hydrogen; so, the experiment was recorded for the same period of 
time as the argon-hydrogen experiment. The data was recorded with a 
PC based computer data acquisition system (National Instruments). 



Since the ambient temperature was held constant, the general form 
of the energy balance equation for the cell in steady state is: 



where P in is the input power to the discharge, P^ is the excess power 
generated from the hydrogen catalysis reaction, and P l0S5 is the thermal 
power loss from the cell. The Calvet voltage response to input power for 
hydrogen, krypton, or xenon alone was determined over the constant 
input power range of 10 W to 100 W. The data was recorded after the 



E» Energy balance measurements 



loss 



(9) 
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representative of the power of reaction of the catalyst runs. At constant 
total pressure, the calibration constant of the Calvet calorimeter was not 
sensitive to the flow of test gas over the range of conditions of the tests. 
To avoid corrosion, a cylindrical reactor, machined from 304 stainless 
steel to fit inside the calorimeter, was used to contain the reaction. To 
maintain an isothermal reaction system and improve baseline stability, 
the calorimeter was placed inside a commercial forced convection oven 
(Precision Scientific 625 S) that was operated at room temperature to 
415 K. A more complete description of a similar instrument and methods 
are given by Bradford, Phillips, and Klanchar [39]. The general system 
design of the Calvet calorimeter is shown in Figure 2. 

D. Gas Cell for Calvet Calorimeter 

The cylindrical stainless steel gas discharge cell and Calvet 
instrument for plasma energy balance studies with argon with 3% 
hydrogen addition compared to xenon with 3% hydrogen addition is 
shown in Figure 3. The cell comprised a 800 cm 3 stainless steel vessel 
capable of containing a vacuum or a pressure above atmospheric. The 
cell was maintained at an elevated isothermal temperature by a forced 
convection oven. The operating temperature of the gas cell was 475 K. 
The cell was used in the vertical position and was inserted into a 
thermopile. The flange was sealed with a silver plated copper gasket. 
The flange had a centered high voltage feedthrough which transmitted 
the power, supplied through a power connector, to a hollow cathode 
inside the cell. The axial hollow cathode glow discharge electrode 
assembly shown in Figure 3 comprised a stainless steel plate (4.2 cm 
diameter, 0.9 mm thick) anode and a circumferential stainless steel 
cylindrical frame (5.1 cm OD, 7.2 cm long) perforated with evenly spaced 
1 cm diameter holes. The cathode was wound with several layers of 
nickel screen and was attached to the cell body by a stainless steel wire 
covered with ceramic beads for electrical insulation, and the cell body 
was grounded. The flange also had a 1/4" vacuum port through which a 
1/8" inlet for argon, krypton, xenon, or hydrogen passed. The 1/8" inlet 
was connected to a 1/4" stainless steel tube which connected to a Tee, a 
needle valve, a pressure gauge, and noble gas and hydrogen supplies. 
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resolution was about 1 nm (FWHM) with an entrance and exit slit width of 
300 /urn. The increment was 0.1 nm and the dwell time was 500 ms. 

B. Microwave Emission Spectra 

The experimental set up comprising a microwave discharge gas cell 
light source and an EUV spectrometer which was differentially pumped is 
shown in Figure 1. Extreme ultraviolet emission spectra were obtained 
on plasmas of hydrogen alone, hydrogen-argon mixture (95/5%), and 
hydrogen-xenon mixture (95/5%). Hydrogen or the hydrogen-noble gas 
mixture was flowed through a half inch diameter quartz tube at 1 Torr 
that was maintained by flowing hydrogen or the gas mixture while 
monitoring the pressure with a 10 Torr and 1000 Torr MKS Baratron 
absolute pressure gauge. The tube was fitted with an Opthos coaxial 
microwave cavity (Evenson cavity). The microwave generator was a 
Opthos model MPG-4M generator (Frequency: 2450 MHz). The input 
power to the plasma was set at 85 watts. The EUV spectrometer was,^a 
normal incidence monochromator. (See EUV-Spectroscopy Section). 

C. Calvet Calorimeter Methods 

The instrument used to measure the heat of reaction was a 
cylindrical heat flux calorimeter (International Thermal Instrument Co., 
Model CA-100-1). The cylindrical calorimeter walls contained a 
thermopile structure composed of two sets of thermoelectric junctions. 
One set of junctions was in thermal contact with the internal calorimeter 
wall, at temperature T n and the second set of thermal junctions was in 
thermal contact with the external calorimeter wall at T e which was held 
constant by a forced convection oven. When heat was generated in the 
calorimeter cell, the calorimeter radially transferred a constant fraction 
of this heat into the surrounding heat sink. As heat flowed a 
temperature gradient, (T s -T e ) 9 was established between the two sets of 

thermopile junctions. This temperature gradient generated a voltage 
which was compared to the linear voltage versus power calibration curve 
to give the power of reaction. The calorimeter was calibrated with a 
precision resistor and a fixed current source at power levels 
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begins, hydrinos autocatalyze further in a process called 
disproportionation. This mechanism is similar to that of an inorganic ion 
catalysis. But, hydrino catalysis should have a higher reaction rate than 
that of the inorganic ion catalyst due to the better match of the enthalpy 

to m-27.2eV. 

IL EXPERIMENTAL 
A. EUV Spectroscopy 

Extreme ultraviolet (EUV) spectroscopy was recorded on a 
hydrogen microwave plasma alone and with 5% argon or 5% xenon. Due 
to the extremely short wavelength of this radiation, "transparent" optics 
do not exist. Therefore, a windowless arrangement was used wherein the 
microwave discharge cell was connected to the same vacuum vessel as 
the grating and detectors of the EUV spectrometer. Differential pumping 
permitted a high pressure in the cell as compared to that in the 
spectrometer. This was achieved by pumping on the cell outlet and 
pumping on the grating side of the collimator that served as a pin-hole 
inlet to the optics. The spectrometer was continuously evacuated to 
10"* -KT 6 Torr by a turbomolecular pump with the pressure read by a 
cold cathode pressure gauge. The EUV spectrometer was connected to the 
cell light source with a 1.5 mm X 5 mm collimator which provided a light 
path to the slits of the EUV spectrometer. The collimator also served as a 
flow constrictor of gas from the cell. The cell was operated under gas 
flow conditions while maintaining a constant gas pressure in the cell. 

For spectral measurement, the light emission from microwave 
plasmas of hydrogen alone, hydrogen-argon (95/5%), and hydrogen- 
xenon (95/5%) were introduced to a normal incidence McPherson 0.2 
meter monochromator (Model 302, Seya-Namioka type) equipped with a 
1200 lines/mm holographic grating with a platinum coating. The 
wavelength region covered by the monochromator was 5-560nm. The UV 
spectrum (90-165/im) of the cell emission was recorded with a 
photomultiplier tube (PMT) and a sodium salicylate scintillator. The PMT 
(Model R1527P, Hamamatsu) used has a spectral response in the range of 
185 -680 rim with a peak efficiency at about 400 nm. The wavelength 
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electron transition, electron transfer reaction, or inelastic scattering 
reaction which can absorb the exact amount of energy that must be 
removed from the hydrogen atom to cause the transition. Thus, a 
catalyst provides a net positive enthalpy of reaction of m*212eV (i.e. it 
absorbs m-21.2eV where m is an integer). Certain atoms or ions serve as 
catalysts by accepting energy from hydrogen atoms through a 
nonradiative resonant transfer. The catalyst may then release the 
transferred energy by radiative and nonradiative mechanisms. As a 
consequence of the nonradiative energy transfer, the hydrogen atom 
becomes unstable and emits further energy until it achieves a lower- 
energy nonradiative state having a principal energy level given by Eqs. 
(2a) and (3). 



D. Catalysts 

Argon ions can provide a net enthalpy of a multiple of that of the 
potential energy of the hydrogen atom. The second ionization energy 4>f 
argon is 27.63 eV [38]. The reaction Ar* to Ar 2 * has a net enthalpy of 
reaction of 27.63 eV, which is equivalent to m = l in Eq. (4). 

27. 63 e V + Ar+ + j -> Ar u + e + ^^f^ j + [(/> + 1) 2 ~ /> 2 1*1 3. 6 <? V ( 5 ) 

Ar 2 + + e' -> Ar + + 27.63 eV (6) 
And, the overall reaction is 

4^]^4(^] +[(p+i)2 ~ p2ixi36 ' y (7) 

The energy given off during catalysis is much greater than the 
energy lost to the catalyst. The energy released is large compared to 
conventional chemical reactions. For example, when hydrogen and 
oxygen gases undergo combustion to form water 

H 2 (g) + ^0 2 (g)-*H 2 0(g) (8) 

the known enthalpy of formation of water is AH f = -241.8 kJ I mole or 1.25 

eV per hydrogen atom. By contrast, each (« = 1) ordinary hydrogen atom 
undergoing catalysis releases a net of 40.8 eV. Moreover, further catalytic 

transitions may occur: n = — — -->— , — and so on. Once catalysis 
J 2 3 3 4 4 5 
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and p is an integer greater than 1, designated as //^— J where a H is the 

radius of the hydrogen atom. Hydrinos are predicted to form by reacting 
an ordinary hydrogen atom with a catalyst having a net enthalpy of 
reaction of about 

771-27.2 eV (4) 
where m is an integer. This catalysis releases energy from the hydrogen 
atom with a commensurate decrease in size of the hydrogen atom, r n = na H . 

For example, the catalysis of H{n = \) to H(n = 1/2) releases 40.8 eV y and the 
hydrogen radius decreases from a H to ^-a w . 

The excited energy states of atomic hydrogen are also given by Eq. 
(2a)~except with Eq. (2b). The n = l state is the "ground" state for "pure" 
photon transitions (the n = \ state can absorb a photon and go to an 
excited electronic state, but it cannot release a photon and go to a lower- 
energy electronic state). However, an electron transition from the ground 
state to a lower-energy state is possible by a nonradiative energy 
transfer such as multipole coupling or a resonant collision mechanism. 

These lower-energy states have fractional quantum numbers, n-- — - — . 

integer 

Processes that occur without photons and that require collisions are 
common. For example, the exothermic chemical reaction of // + // to form 
H 2 does not occur with the emission of a photon. Rather, the reaction 
requires a collision with a third body, A/, to remove the bond energy- 
// + // + M-»// 2 + M* [36]. The third body distributes the energy from the 
exothermic reaction, and the end result is the H 2 molecule and an 
increase in the temperature of the system. Some commercial phosphors 
are based on nonradiative energy transfer involving multipole coupling. 
For example, the strong absorption strength of Sb** ions along with the 
efficient nonradiative transfer of excitation from Sb 3+ to Mn 2+ are 
responsible for the strong manganese luminescence from phosphors 
containing these ions [37]. 

Similarly, the n = l state of hydrogen and the n = — - — states of 

integer 

hydrogen are nonradiative, but a transition between two nonradiative 
states, say n = l to * = l/2, is possible via a nonradiative energy transfer. 
In these cases, during the transition the electron couples to another 



elements bound to the novel hydride ions, (iii) l H nuclear magnetic 
resonance spectroscopy (NMR) which showed extraordinary upfield 
chemical shifts compared to the NMR of the corresponding ordinary 
hydrides, and iv.) thermal decomposition with analysis by gas 
chromatography, and mass spectroscopy which identified the compounds 
as hydrides [26-32], 

34. ) the NMR identification of novel hydride compounds MH*X 
wherein M is the alkali or alkaline earth metal, X, is a halide, and H* 
comprises a novel high binding energy hydride ion identified by a large 
distinct upfield resonance [26-31], 

35. ) the replication of the NMR results of the identification of novel 
hydride compounds by large distinct upfield resonances at Spectral Data 
Services, University of Massachusetts Amherst, University of Delaware, 
Grace Davison, and National Research Council of Canada [26], 

36. ) the NMR identification of novel hydride compounds MH* and 
M//* wherein M is the alkali or alkaline earth metal and //* comprises a 
novel high binding energy hydride ion identified by a large distinct 
upfield resonance that proves the hydride ion is different from the 
hydride ion of the corresponding known compound of the same 
composition [26]. 

C. Mechanism of the Formation of Lower-Energy Atomic 

Hydrogen 

The mechanism of the EUV emission, the formation of novel 
hydrides, and the observation of certain EUV lines from interstellar 
medium and the sun can not be explained by the conventional energy 
levels of hydrogen, but it is predicted by a solution of the Schrodinger 
equation with a nonradiative boundary constraint put forward by Mills 
[1]. Mills predicts that certain atoms or ions serve as catalysts to release 
energy from hydrogen to produce an increased binding energy hydrogen 
atom called a hydrino atom having a binding energy given by Eq. (2a) 
where 

1111 n 
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28. ) the isolation of novel inorganic hydride compounds such as 
KHKHCOy and KH following each of the electrolysis and plasma 
electrolysis of a K 2 C0 3 electrolyte which comprised high binding energy 

hydride ions that were stable in water with their identification by 
methods such as (i) ToF-SIMS on KH KHCO z which showed inorganic 

hydride clusters K[KH KHCO^ and a negative ToF-SIMS dominated by 

hydride ion, (ii) X-ray photoelectron spectroscopy which showed novel 
peaks corresponding to high binding energy hydride ions, and (iii) proton 
nuclear magnetic resonance spectroscopy which showed upfield shifted 
peaks corresponding to more diamagnetic, high-binding-energy hydride 
ions [10, 28-29, 31], 

29. ) the observation that the power output exceeded the power 
supplied to a hydrogen glow discharge plasmas by 35-184 W depending 
on the presence of catalysts from helium or argon and less than 1% 
partial pressure of strontium metal in noble gas-hydrogen mixtures; 
whereas, the chemically similar noncatalyst krypton had no effect on the 
power balance [19], 

30. ) the observation that upon the addition of 10% hydrogen to a 
helium microwave plasma maintained with a constant microwave input 
power of 40 W, the thermal output power was measured to be at least 
400 W corresponding to a reactor temperature rise from room 
temperature to 1200 °C within 150 seconds, a power density of 40 MW/m 3 9 
and an energy balance of at least -5 X 10 5 kJlmoleH 2 compared to the 
enthalpy of combustion of hydrogen of -241.8 kJlmoleH 2 [17], 

31. ) the differential scanning calorimetry (DSC) measurement of 
minimum heats of formation of KHI by the catalytic reaction of K with 
atomic hydrogen and Kl that were over -2000 kJ I mole H 2 compared to the 
enthalpy of combustion of hydrogen of -241.$kJfmoleH 2 [32], 

32. ) the isolation of novel hydrogen compounds as products of the 
reaction of atomic hydrogen with atoms and ions which formed an 
anomalous plasma as reported in the EUV studies [26-32], 

33. ) the identification of novel hydride compounds by a number of 
analytic methods as such as (i) time of flight secondary ion mass 
spectroscopy which showed a dominant hydride ion in the negative ion 
spectrum, (ii) X-ray photoelectron spectroscopy which showed novel 
hydride peaks and significant shifts of the core levels of the primary 
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mixtures, and an excess thermal balance of 42 W was measured for the 
97% argon and 3% hydrogen mixture versus argon plasma alone [20], 

22. ) the observation that glow discharge plasmas of the catalyst- 
hydrogen mixtures of strontium-hydrogen, helium-hydrogen, argon- 
hydrogen, strontium-helium-hydrogen, and strontium-argon-hydrogen 
showed significant Balmer a line broadening corresponding to an average 
hydrogen atom temperature of 25-45 eV; whereas, plasmas of the 
noncatalyst-hydrogen mixtures of pure hydrogen, krypton-hydrogen, 
xenon-hydrogen, and magnesium-hydrogen showed no excessive 
broadening corresponding to an average hydrogen atom temperature of 

= 3eV [17-19], 

23. ) the observation that microwave helium-hydrogen and argon- 
hydrogen plasmas having catalyst Ar* or He 2 * showed extraordinary 
Balmer a line broadening due to hydrogen catalysis corresponding to an 
average hydrogen atom temperature of 110- 130 eV and 180- 210 eV, 
respectively; whereas, plasmas of pure hydrogen, neon-hydrogen, 
krypton-hydrogen, and xenon-hydrogen showed no excessive broadening 
corresponding to an average hydrogen atom temperature of -3eV [7, 18], 

24. ) the observation that microwave helium-hydrogen and argon- 
hydrogen plasmas showed average electron temperatures that were high, 
28,000 K and 11,600 K, respectively; whereas, the corresponding 
temperatures of helium and argon alone were only 6800 K and 4800 K, 
respectively [7, 18], 

25. ) the observation of significant Balmer a line broadening of 

17, 9, 11, 14, and 24 eV from rt-plasmas of incandescently heated hydrogen 
with K* IK*, Rb* > cesium, strontium, and strontium with Ar* catalysts, 
respectively, wherein the results could not be explained by Stark or 
thermal broadening or electric field acceleration of charged species since 
the measured field of the incandescent heater was extremely weak, 1 
V/cm, corresponding to a broadening of much less than 1 eV [9], 

26. ) calorimetric measurement of excess power of 20 mW/cc on rt- 
plasmas formed by heating hydrogen with K* I K* and Ar* as catalysts [9], 

27. ) the high resolution visible spectroscopic observation from rt- 
plasmas and plasma electrolysis cells of the predicted H~(l/2) ion of 
hydrogen catalysis by each of K*/K* y Rb + , Cs, and Ar* at 407 nm 
corresponding to its predicted binding energy of 3.05 eV [9-11], 
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from the electron g factor as E HF =j 2 3. 0056 X 10~ 5 + 3.0575 eV (j is an integer) 
for ; = 1 to 7 = 37 [16] to within a 1 part per 10 5 [11], 

12. ) the observation of characteristic emission from K 3+ which 
confirmed the resonant nonradiative energy transfer of 3-27.2 eV from 
atomic hydrogen to atomic K [13], 

13. ) the spectroscopic observation of the predicted H~(\/4) ion of 
hydrogen catalysis by K catalyst at HOnm corresponding to its predicted 
binding energy of 11.2eV [11, 13], 

14. ) the observation of characteristic emission from Rb 2 * which 
confirmed the resonant nonradiative energy transfer of 27.2 eV from 
atomic hydrogen to Rb* [12], 

15. ) the spectroscopic observation of the predicted H~(l/2) ion of 
hydrogen catalysis by Rb* catalyst at 407 nm corresponding to its 
predicted binding energy of 3.05 eV [12], 

16. ) the observation by the Institut fur Niedertemperatur- 
Plasmaphysik e.V. of an anomalous plasma and plasma afterglow 
duration formed with hydrogen-potassium mixtures [24], 

17. ) the observation of anomalous afterglow durations of plasmas 
formed by catalysts providing a net enthalpy of reaction within thermal 
energies of m - 27.28 eV [24-25], 

18. ) the observation of Lyman series in the EUV that represents an 
energy release about 10 times that of hydrogen combustion which is 
greater than that of any possible known chemical reaction [9, 11-16, 21- 
22, 24-25], 

19. ) the observation of line emission by the Institut fur 
Niedertemperatur-Plasmaphysik e.V. with a 4° grazing incidence EUV 
spectrometer that was 100 times more energetic than the combustion of 
hydrogen [23], 

20. ) the observation of anomalous plasmas formed with Sr and Ar* 
catalysts at 1% of the theoretical or prior known voltage requirement 
with a light output per unit power input up to 8600 times that of the 
control standard light source [15-16, 20-21], 

21. ) the observation that the optically measured output power of 
gas cells for power supplied to the glow discharge increased by over two 
orders of magnitude depending on the presence of less than 1% partial 
pressure of certain catalysts in hydrogen gas or argon-hydrogen gas 
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that corresponded to multipole coupling to give two photon emission 
from a continuum excited state atom and an atom undergoing fractional 
Rydberg state transition [7], 

4. ) the identification of transitions of atomic hydrogen to lower 
energy levels corresponding to lower-energy hydrogen atoms in the 
extreme ultraviolet emission spectrum from interstellar medium and the 
sun [1, 4, 6, 8], 

5. ) the EUV spectroscopic observation of lines by the Institut fur 
Niedertemperatur-Plasmaphysik e.V. that could be assigned to transitions 
of atomic hydrogen to lower energy levels corresponding to fractional 
principal quantum numbers and the emission from the excitation of the 
corresponding hydride ions [23], 

6. ) the recent analysis of mobility and spectroscopy data of 
individual electrons in liquid helium which shows direct experimental 
confirmation that electrons may have fractional principal quantum 
energy levels [5], 

7. ) the observation of novel EUV emission lines from microwave,, 
discharges of argon or helium with 10% hydrogen that matched those 
predicted for vibrational transitions of H* 2 [n = l/4;n* = 2] + with energies of 
t> - 1.185 eV y o = 17 to 38 that terminated at the predicted dissociation limit, 
E D9 of // 2 [n = l/4]\ E D = 42.88 eV (28.92 nm) [8], 

8. ) the observation of continuum state emission of Cs 2+ and Ar 2+ at 
53.3 nm and 45.6 nm, respectively, with the absence of the other 
corresponding Rydberg series of lines from these species which 
confirmed the resonant nonradiative energy transfer of 27.2 eV from 
atomic hydrogen to the catalysts atomic Cs or Ar* [14], 

9. ) the spectroscopic observation of the predicted hydride ion 
H~(l/2) of hydrogen catalysis by either Cs atom or Ar* catalyst at 407 nm 
corresponding to its predicted binding energy of 3.05 eV [14], 

10. ) the observation of H~ (1/2), the hydride ion catalyst product of 
K*/K* or Rb + , by high resolution visible spectroscopy as a broad peak at 
407.00 nm with a FWHM of 0.14 nm corresponding to its predicted binding 
energy of 3.0468 eV [11], 

11. ) the observation that the high resolution visible plasma 
emission spectra in the region of 400.0 nm to 406.0 nm matched the 
predicted bound-free hyperfine structure lines £ WF of //"(!/ 2) calculated 
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A number of independent experimental observations lead to the 
conclusion that atomic hydrogen can exist in fractional quantum states 
that are at lower energies than the traditional "ground" (n = l) state. 



Prior related studies that support the possibility of a novel reaction 
of atomic hydrogen which produces a chemically generated or assisted 
plasma (rt-plasma) and produces novel hydride compounds include 
extreme ultraviolet (EUV) spectroscopy [6-9, 11-18, 21-23], characteristic 
emission from catalysis and the hydride ion products [9-14], lower- 
energy hydrogen emission [4, 6, 7-8, 17], plasma formation [9, 11-16, 21- 
22, 24-25], Balmer a line broadening [7, 9, 11, 15-19], elevated electron 
temperature [7, 17], anomalous plasma afterglow duration [24-25], power 
generation [7, 9, 15-17, 19-21, 32], and analysis of chemical compounds 
[26-32]. Exemplary studies include: 

1. ) the observation of intense extreme ultraviolet (EUV) emission at 
low temperatures (e.g. =10 3 \fiO from atomic hydrogen and only those 
atomized elements or gaseous ions which provide a net enthalpy of 
reaction of approximately mH.leV via the ionization of t electrons to a 
continuum energy level where / and m are each an integer (e.g. K, Cs y 
and Sr atoms and Rb + ion ionize at integer multiples of the potential 
energy of atomic hydrogen and caused emission; whereas, the chemically 
similar atoms, Na, Mg> and Ba, do not ionize at integer multiples of the 
potential energy of atomic hydrogen and caused no emission) [9, 11-16, 
21-22, 24-25], 

2. ) the observation of novel EUV emission lines from microwave 
and glow discharges of helium with 2% hydrogen with energies of 

q \3.6eV where <y = 1,2,3,4,6,7,8,9,11,12 or these lines inelastically scattered 
by helium atoms in the excitation of He (Is 2 ) to He{\s x 2p x ) that were 
identified as hydrogen transitions to electronic energy levels below the 
"ground" state corresponding to fractional quantum numbers [6, 7, 17], 

3. ) the observation of novel EUV emission lines from microwave 
and glow discharges of helium with 2% hydrogen at 44.2 nm and 40.5 nm 



B. Lower-Energy Hydrogen Experimental Data 
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I. INTRODUCTION 



A. Background 



J. J. Balmer showed in 1885 that the frequencies for some of the 
lines observed in the emission spectrum of atomic hydrogen could be 
expressed with a completely empirical relationship. This approach was 
later extended by J. R. Rydberg, who showed that all of the spectral lines 
of atomic hydrogen were given by the equation: 




(1) 

where R = 109,677 cm", n f = 1,2,3,.., n, = 2,3,4,..., andn, >n f . 

Niels Bohr, in 1913, developed a theory for atomic hydrogen that 
gave energy levels in agreement with Rydberg's equation. An identical 
equation, based on a totally different theory for the hydrogen atom, was 
developed by E. Schrbdinger, and independently by W. Heisenbere in " 
1926. 5 ' 

E g 2 13.598 eV 

" n 2 %ne 0 a„ n 2 ( 2a ) 

n = 1,2,3,... ^ 2b ^ 

where a H is the Bohr radius for the hydrogen atom (52.947pm), e is the 
magnitude of the charge of the electron, and e 0 is the vacuum 
permittivity. Based on the solution of a Schr6dinger-type wave equation 
with a nonradiative boundary condition based on Maxwell's equations, 
Mills [1-35] predicts that atomic hydrogen may undergo a catalytic 
reaction with certain, atomized elements or certain gaseous ions which 
singly or multiply ionize at integer multiples of the potential energy of 
atomic hydrogen, 27.2 eV. The reaction involves a nonradiative energy 
transfer to form a hydrogen atom that is lower in energy than unreacted 
atomic hydrogen that corresponds to a fractional principal quantum 
number where Eq. (2b) should be replaced by Eq. (2c). 

n = 1,2,3,..., W,n = Iii... (2c) 
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Measurement of Energy Balances of Noble Gas-Hydrogen 
Discharge Plasmas Using Calvet Calorimetry 

R. Mills, J. Dong, W. Good, P. Ray, J. He, B. Dhandapani 

BlackLight Power, Inc. 
493 Old Trenton Road 
Cranbury, NJ 08512 

From a solution of a Schrodinger-type wave equation with a 
nonradiative boundary condition based on Maxwell's equations, Mills 
predicts that atomic hydrogen may undergo a catalytic reaction with 
certain gaseous ions such as Ar + which ionize at integer multiples of the 
potential energy of atomic hydrogen, 27.2 eV. The reaction involves a 
nonradiative energy transfer to form a hydrogen atom that is lower in 
energy than unreacted atomic hydrogen with the release of energy. Upon 
the addition of 5% argon catalyst to a hydrogen plasma, the Lyman a 
emission was observed to increase by about an order of magnitude which 
indicated an increase in the plasma temperature; whereas, xenon control 
had no effect. Thus, the energy balances of argon-hydrogen glow 
discharge plasmas were measured using Calvet calorimetry. The steady 
state Calvet voltage significantly increased upon the addition of 3% 
hydrogen to an argon plasma, and the output signal was integrated until 
the signal returned to baseline. An energy balance of over 
-151,000 U/moleH 2 was measured compared to the enthalpy of combustion 
of hydrogen of -241.8 fcJ/moleH 2 . Whereas, under identical conditions no 
change in the Calvet voltage was observed when hydrogen was added to 
a plasma of xenon which does not provide a reaction with a net enthalpy 
of a multiple of the potential energy of atomic hydrogen under these 
conditions. 
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Figure Captions 



Figure 1. The experimental set up comprising a gas cell light source 
and an EUV spectrometer which was differentially pumped. 

Figure 2. The EUV/UV/VIS spectrum (40-560 nm) of the cell 
emission from the gas cell at a cell temperature of 700 °C comprising a 
tungsten filament, a titanium dissociator, and 300 mTorr hydrogen that 
was recorded with a photomultiplier tube (PMT) and a sodium salicylate 
scintillator with an entrance and exit slit width of 500 fim. No emission 
was observed except for the blackbody filament radiation at the longer 
wavelengths. 

Figure 3. The EUV spectrum (40-160 nm) of the cell emission 
recorded at about the point of the maximum Lyman a emission from the 
gas cell at a cell temperature of 700 °C comprising a tungsten filament, a 
titanium dissociator, 300 mTorr hydrogen, and vaporized Rb + from RbNO^ 

that was recorded with a CEM. Strong Lyman series emission was 
observed. 

Figure 4. The EUV spectrum (50-90nm) of the emission of the 
RbNOJ H 2 gas cell (top curve) and the standard discharge rubidium 

plasma (bottom curve). Line emission corresponding to Rb 2+ was 
observed at 81.59nm, 59.1 nm, 58.1 nm, 55.6nm, and 53.3 nm. Rb + was 
observed at 74.15nm, 71.1 nm, 69.7 nm, and 64.38nm. 

Figure 5. The VIS spectra (380-500 nm) of the cell emission of the 
RbNOJ H 2 gas cell (top curve) and of standard hydrogen (bottom curve). 

A novel broad peak was observed at 407 nm which was not due to 
rubidium or hydrogen emission. The peak was assigned to H'(l/2) 
emission. 
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predicted [1] to comprise a hydrogen nucleus and two indistinguishable 
electrons at a binding energy according to the following formula: 



Binding Energy = 



2_3 



m.a 



1 + - 



(18) 



where p is an integer greater than one, * = l/2, h is Planck's constant bar, 
\i 0 is the permeability of vacuum, m e is the mass of the electron, \i e is the 
reduced electron mass, a 0 is the Bohr radius, and e is the elementary 
charge. The ionic radius is 

r . =— (i+V^+O); (19) 

From Eq. (19), the radius of the hydrino hydride ion H'{\ I p)\ p = integer is 

1 2 

— that of ordinary hydride ion, H~(l/l). 

P 
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27.63 eV + Ar 



Ar 2 ++e~ + H 



_£h_] 
(p + l)J 



+ [(P + 1) 2 -p 2 )X\3.6eV 



(11) 



/lr 2+ +e'->/ir + + 27.63 eV (12) 
And, the overall reaction is 

4^] ~* 4(^o] + [ip + 1)2 ~ p2]xi36 ev ( 1 3 } 



Potassium 

An additional catalytic system involves potassium atoms. The first, 
second, and third ionization energies of potassium are 4.34066 eV, 31.63 eV y 
45.806 eV, respectively [36]. The triple ionization (f = 3) reaction of K to 
tf 3+ , then, has a net enthalpy of reaction of, 81.7766 eV, which is equivalent 
to m = 3 in Eq. (3). 

8 1 .7766 e V + K(m) + -> K 3+ + 3e" + // — ^— + [(/> + 3) 2 - /? 2 ]X1 3.6 e V (14) 

L J L0> +3 )J 

A: 3+ + 3e" -> K(m) + 81 .7766 e V (15) 
And, the overall reaction is 

H \^l]^ H \-^] + [(p + 3) 2 -p 2 ]X\3.6eV (16) 



B. Hydride Ion 

A novel hydride ion having extraordinary chemical properties 
given by Mills [1] is predicted to form by the reaction of an electron with 
a hydrino (Eq. (17)). The resulting hydride ion is referred to as a hydrino 
hydride ion, designated as H~{\lp). 

//^j + e-^//"(l//7) (17) 

The hydrino hydride ion is distinguished from an ordinary hydride 
ion having a binding energy of 0.8 eV. The hydrino hydride ion is 
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27.28 eV + Rb+ + H^- j -> Rb 2+ +e~+ H ^J^ J + I(P + D 2 " P 2 1^1 3.6 eV (5) 

Rb 2+ +e'->Rb+ +27.28 eV (6) 
The overall reaction is 

Alkali metal nitrates are extraordinarily volatile and can be distilled at 
350-500 °C [40]. RbNOy is the favored candidate for providing gaseous 

Rb* ions. Rb* ion emission was observed in the EUV and VIS spectrum. 
Cesium 

A catalytic system is provided by the ionization of two electrons 
from a cesium atom each to a continuum energy level such that the sum 
of the ionization energies of the two electrons is approximately 27.2 eV. 
The first and second ionization energies of cesium are 3.89390 eV and 
23.15745 eV, respectively [36]. The double ionization (r = 2) reaction of Cs 
to Cy 2+ , then, has a net enthalpy of reaction of 27.05135 eV, which is 
equivalent to m- \ in Eq. (3). 



27.05 1 35 e V + Cs(m) + H P*- -> Cs 2+ + 2e + H\ -2*— + [(/? + 1) 2 - p 2 ]Xl 3.6 e V 

IP] L(/> + 1 )J 



(8) 



Cy 2+ + 2e-->Cs(m) + 27.051 35 eV (9) 
And, the overall reaction is 

"[^p] ~* 4(p+i)] + t(p+ 1)2 ~ p2ixi3 * 6 eY ( 1 0) 

Argon Ion 

Argon ions can provide a net enthalpy of a multiple of that of the 
potential energy of the hydrogen atom. The second ionization energy of 
argon is 27.63 eV. The reaction Ar + to Ar 2 * has a net enthalpy of reaction 
of 27.63 eV, which is equivalent to m = l in Eq. (3). 
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have fractional quantum numbers, n~ . Processes that occur 

integer 

without photons and that require collisions are common. For example, 
the exothermic chemical reaction of H + H to form H 2 does not occur with 
the emission of a photon. Rather, the reaction requires a collision with a 
third body, Af, to remove the bond energy- // + // + M -> H 2 + M* [38]. The 
third body distributes the energy from the exothermic reaction, and the 
end result is the H 2 molecule and an increase in the temperature of the 
system. Some commercial phosphors are based on nonradiative energy 
transfer involving multipole coupling. For example, the strong absorption 
strength of 5fr 3+ ions along with the efficient nonradiative transfer of 
excitation from Sb 3+ to Mn 2+ , are responsible for the strong manganese 
luminescence from phosphors containing these ions [39]. 

Similarly, the n = \ state of hydrogen and the n = — - — states of 

integer 

hydrogen are nonradiative, but a transition between two nonradiative 
states, say n = l to n = l/2, is possible via a nonradiative energy transfer. 
In these cases, during the transition the electron couples to another 
electron transition, electron transfer reaction, or inelastic scattering 
reaction which can absorb the exact amount of energy that must be 
removed from the hydrogen atom to cause the transition. Thus, a 
catalyst provides a net positive enthalpy of reaction of m-ll.leV (i.e. it 
absorbs m-212eV where m is an integer). Certain atoms or ions serve as 
catalysts by accepting energy from hydrogen atoms through a 
nonradiative resonant transfer. The catalyst may then release the 
transferred energy by radiative and nonradiative mechanisms. As a 
consequence of the nonradiative energy transfer, the hydrogen atom 
becomes unstable and emits further energy until it achieves a lower- 
energy nonradiative state having a principal energy level given by Eqs. 
d-2). 

Rubidium Ion 

Rubidium ions can provide a net enthalpy of a multiple of that of 
the potential energy of the hydrogen atom. The second ionization energy 
of rubidium is 27.28 eV. The reaction Rb* to Rb 2+ has a net enthalpy of 
reaction of 27.28 eV , which is equivalent to m- \ in Eq. (3). 
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APPENDIX 



A. Catalysts 

The mechanism of EUV emission and formation of a novel hydride 
ion can not be explained by the conventional chemistry of hydrogen; 
rather, it must have been due to a novel chemical reaction between 
catalyst and atomic hydrogen. Mills [1-35] predicts that certain atoms or 
ions serve as catalysts to release energy from hydrogen to produce an 
increased binding energy hydrogen atom called a hydrino atom having a 
binding energy of 



where 



~. r. 13.6 eV /1X 

Binding Energy = ~ — ( * / 

n 



1111 r9 . 
2 3 4 p 



and p is an integer greater than 1, designated as where a H is the 

radius of the hydrogen atom. Hydrinos are predicted to form by reacting 
an ordinary hydrogen atom with a catalyst having a net enthalpy of 
reaction of about 

m-212eV (3) 
where m is an integer. This catalysis releases energy from the hydrogen 
atom with a commensurate decrease in size of the hydrogen atom, r n =na H . 

For example, the catalysis of //(/? = !) to //(n = l/2) releases 40.8 eV, and the 
hydrogen radius decreases from a H to ^a w . 

The excited energy states of atomic hydrogen are also given by Eq. 
(1) except that 

n = 1,2,3,... (4) 
The n-\ state is the "ground" state for "pure" photon transitions (the n-\ 
state can absorb a photon and go to an excited electronic state, but it 
cannot release a photon and go to a lower-energy electronic state). 
However, an electron transition from the ground state to a lower-energy 
state is possible by a nonradiative energy transfer such as multipole 
coupling or a resonant collision mechanism. These lower-energy states 
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secondary ion mass spectroscopy showed a large hydride peak in the 
negative spectrum. The X-ray photoelectron spectrum showed large 

metal core level shifts due to binding with the hydride as well as novel 

hydride peaks. The ] H nuclear magnetic resonance spectrum showed 

significantly upfield shifted peaks which corresponded to and identified 
novel hydride ions. 

V. CONCLUSION 

Characteristic emission was observed from Rb 2 * which confirmed 
the resonant nonradiative energy transfer of 27.2 eV from atomic 
hydrogen to Rb* (Eq. (5). The predicted H'{\I2) hydride ion of hydrogen 
catalysis by Rb* catalyst given by Eqs. (5-7) and Eq. (18) was observed 
spectroscopically at 407 nm corresponding to its predicted binding energy 
of 3.05 eV. 
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integer multiple of the potential energy of atomic hydrogen to within less 
than the thermal energies at ~ 10 3 K and comprise only a single ionization 
in the case of a potassium or rubidium ion. Since the thermal decay time 
of the filament for dissociation of molecular hydrogen to atomic hydrogen 
was similar to the plasma afterglow duration, the emission was 
determined to be due to a reaction of atomic hydrogen with each of the 
atoms or ions that did not require the presence of an electric field to be 
functional. 



with an electron to form /T(l/2). The predicted /T(l/2) hydride ion of 
hydrogen catalysis by Rb + was observed spectroscopically at 407 nm 
corresponding to its predicted binding energy of 3.05 eV. The hydride 
reaction product formed over time. 

In a recently submitted paper [11], /T(l/2), the hydride ion catalyst 
product of K + /K + or Rb*, was reported to have been observed by high 
resolution visible spectroscopy as a broad peak at 407.00 nm with a FWHM 
of 0.14 corresponding to its predicted binding energy of 3.0468 eV. 
From the electron g factor, bound-free hyperfine structure lines of 
H~(l/2) were predicted with energies E HF given by 

E HF = ; 2 3.0056X 10~ 5 + 3.0575 eV ( j is an integer) as an inverse Rydberg-type 
series that converges at increasing wavelengths and terminates at 
3.0575 eV — the hydride spin-pairing energy plus the binding energy. The 
high resolution visible plasma emission spectra in the region of 400.0 nm 
to 406.0 nm matched the predicted emission lines for ; = 1 to 7 = 37 to 

within a 1 part per 10 5 . 

The formation of compounds having novel hydride ions H'{\l p) 

would be substantial evidence supporting catalysis of hydrogen as the 
mechanism of observed rt-plasmas and further support the spectroscopic 
identification of H~(l/p) (/? is an integer). Compounds containing novel 

hydride ions have been isolated as products of the reaction of atomic 
hydrogen with atoms and ions identified as catalysts in previously 
reported EUV studies [26-32]. The novel hydride compounds were 
identified analytically by techniques such as time of flight secondary ion 
mass spectroscopy, X-ray photoelectron spectroscopy, and ] H nuclear 
magnetic resonance spectroscopy. For example, the time of flight 



Rb* is predicted to catalyze hydrogen 




reacts 
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1-2 V/cm which was too low to ionize Rb* to Rb 2 \ The Rb 2+ lines 
generated in the incandescently heated cell and due to the catalyst 
reaction of atomic hydrogen were confirmed by a high voltage discharge 
and NIST tables [37]. 

Similar low-voltage hydrogen catalysis plasmas formed with 
hydrogen-potassium mixtures have been reported previously [24-25] 
wherein the plasma decayed with a two second half-life when the electric 
field was actually set to zero. This was the thermal decay time of the 
filament which dissociated molecular hydrogen to atomic hydrogen. This 
experiment showed that hydrogen line emission was occurring even 
though the voltage between the heater wires was set to and measured to 
be zero and indicated that the emission was due to a reaction of 
potassium atoms with atomic hydrogen. Potassium atoms ionize at an 
integer multiple of the potential energy of atomic hydrogen, m-T12eV. 
The enthalpy of ionization of K to £ 3+ has a net enthalpy of reaction of 
81.7426 eV, which is equivalent to m = 3. 

An excessive plasma afterglow duration was also previously 
reported for RbN0 3 and other catalysts [25]. A catalytic plasma of 

hydrogen and certain alkali ions formed at low temperatures (<10 3 #) as 
recorded via EUV spectroscopy and the hydrogen Balmer and alkali line 
emissions in the visible range. The observed plasma formed from atomic 
hydrogen generated at a tungsten filament that heated a titanium 
dissociator and one of potassium, rubidium, cesium, and their carbonates 
and nitrates. These atoms and ions ionize to provide a net enthalpy of 
reaction of an integer multiple of the potential energy of atomic hydrogen 
(m-27.2eV, m = integer) to within 0.17 eV and comprise only a single 
ionization in the case of a potassium or rubidium ion. Whereas, the 
chemically similar atoms of sodium and sodium and lithium carbonates 
and nitrates which do not ionize with these constraints caused no 
emission. To test the electric dependence of the emission, the weak 
electric field of about 1 V/cm was set and measured to be zero in 
<0.5X10^ sec. An afterglow duration of about one to two seconds was 
recorded in the case of potassium, rubidium, cesium, K 2 C0 3 , RbN0 3J and 
CsN0 3 . Hydrogen line or alkali line emission was occurring even though 
the voltage between the heater wires was set to and measured to be zero. 
These atoms and ions ionize to provide a net enthalpy of reaction of an 
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C. 407 nm Emission with Rb + Catalyst 



The VIS spectra (380-500 nm) of the cell emission of the RbN0 2 / H 2 
gas cell (top curve) and of standard hydrogen (bottom curve) are shown 
in Figure 5. From the comparison, a novel broad peak was observed at 
407 nm which was not due to rubidium emission. The known Rb I peaks 
are indicated in Figure 5. Molecular hydrogen has emission at 407 nm, but 
the assignment to molecular hydrogen was eliminated since the other 
peaks of hydrogen were not observed at comparable intensity. The novel 
broad 407 nm peak was observed only with Rb* and atomic hydrogen 
present over an extended reaction time. These results are consistent 
with the formation of /T(l/2) from the catalysis of atomic hydrogen by 
Rb\ 

IV. DISCUSSION 

A plasma that emitted intense EUV formed at low temperatures 
(e.g. ~10 3 /O from atomic hydrogen and Rb* catalyst which was vaporized 
by heating. No possible chemical reactions of the tungsten filament, the 
dissociator, the vaporized test material, and 300 mTorr hydrogen at a cell 
temperature of 700 °C could be found which accounted for the hydrogen 
Lyman a line emission. In fact, no known possible chemical reaction 
releases enough energy to form a hydrogen plasma and excite Lyman a 
emission from hydrogen. The emission was not observed with catalyst or 
hydrogen alone. Intense emission was observed for catalyst with 
hydrogen gas, but no emission was observed when magnesium or 
aluminum nitrate replaced rubidium nitrate catalyst with hydrogen. This 
result indicates that the emission was due to a reaction of the catalyst 
with hydrogen. 

Rubidium ions ionize at an integer multiple of the potential energy 
of atomic hydrogen, 27.2 eV, m 272eV wherein m is an integer. The 
reaction Rb* to Rb 2 * has a net enthalpy of reaction of 27.28 eV, which is 
equivalent to m = l. Characteristic emission was observed from Rb 2 * 
which confirmed the resonant nonradiative energy transfer of 27.2 eV 
from atomic hydrogen to Rb* (Eq. (5). With a highly conductive plasma, 
the voltage of the cell was about 20 V, and the field strength was about 
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recorded was 300 V. The standard EUV emission spectrum of hydrogen 
was obtained in the same manner as the standard rubidium spectrum, 
except that the cathode was not coated. 

III. RESULTS 

A. EUV Spectroscopy 

The intensity of the Lyman a emission as a function of time was 
recorded for four hours from the gas cell at a cell temperature of 700 °C 
comprising a tungsten filament, a titanium dissociator, and each of the 
controls Mg(NO z ) 2 alone and i4/(M? 3 ) 3 alone, as well as the catalyst RbN0 3 

alone. No Lyman a emission was observed. Similarly, a plasma did not 
form, and no EUV emission was observed with hydrogen alone at 300 
mtorr with a flow rate of 5.5 seem or with the control materials and the 
flowing hydrogen. The typical UV/VIS spectrum (40-560 nm) of a control 
is shown in Figure 2. No emission was observed except for the blackbody 
filament radiation at the longer wavelengths. 

The intensity of the Lyman a emission as a function of time with 
vaporized Rb + from RbNO^ with flowing hydrogen was recorded. Strong 

EUV emission was observed from vaporized catalyst only when hydrogen 
was present. The EUV spectrum (40-160/im) of the cell emission recorded 
at about the point of the maximum Lyman a emission is shown in Figure 
3. 

B. EUV Emission of Rb + Catalyst 

The EUV spectrum (50-90nm) of the emission of the RbN0 3 / H 2 gas 
cell (top curve) and the standard rubidium discharge plasma according to 
Sec. IIB (bottom curve) are shown in Figure 4. Line emission 
corresponding to Rb 2+ was observed at 81.59 nm, 59.1 nm, 58.1 nm, 55.6 nm, 
and 53.3 nm. Rb + was observed at 74.15nm, 71.1 nm, 69 .7 nm, and 64.38mrc. 
The assignments of the Rb 2+ and Rb + lines were confirmed by the NIST 
tables [37]. 
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The cell pressure was monitored by a 0-10 Torr MKS Baratron absolute 
pressure gauge. 

The light emission was introduced to an EUV spectrometer for 
spectral measurement. The spectrometer was a McPherson 0.2 meter 
monochromator (Model 302, Seya-Namioka type) equipped with a 1200 
lines/mm holographic grating with a platinum coating. The wavelength 
region covered by the monochromator was 30-560 nm. A channel 
electron multiplier (CEM) was used to detect the EUV light. The 
wavelength resolution was about 1 nm (FWHM) with an entrance and exit 
slit width of 300 nm. The vacuum inside the monochromator was 
maintained below 5X10- Torr by a turbo pump. The Lyman a emission 
was recorded as a function of time after the filament was turned on The 
EUV spectra (50-90nm) and (40-160™,) of the RbNO.I H 2 cell emission 
were recorded at about the point of the maximum Lyman a emission. 

The EUV/UV/VIS spectrum (40-560™*) of the cell emission with 
hydrogen alone was recorded with a photomultiplier tube (PMT) and a 
sodium salicylate scintillator. The PMT (Model R1527P, Hamamatsu) 
used has a spectral response in the range of 185-680 with a peak 
efficiency at about 400 nm. The scan interval was 0.4 nm. The inlet and 
outlet slit were 500 m with a corresponding wavelength resolution of 
1 .5 nm . 

The VIS spectmm ( 380 - 500 nm) of the cell emission was according 
to the method of the EUV/UV/VIS spectrum (40-560nm) except that the 
inlet and outlet slit were 300 m with a corresponding wavelength 
resolution of 1 nm. The spectrum was recorded two hours after a plasma 
formed. 



B. Standard Rubidium and Hydrogen Emission Spectra 

The standard EUV emission spectrum of rubidium was obtained 
with a gas discharge cell comprising a five-way stainless steel cross that 
served as the anode with a hollow stainless steel cathode that was coated 
with RbNO, by the same procedure used to coat the titanium dissociator. 
The five-way cross was pressurized with 1 Torr of hydrogen to initiate 
the discharge. The hydrogen was then evacuated so that only rubidium 
lines were observed. The DC voltage at the time the EUV spectrum was 



6 



EUV and VIS spectra were recorded on light emitted from plasmas 
of hydrogen with RbNO^. The experimental set up shown in Figure 1 

comprised a quartz cell which was 500 mm in length and 50 mm in 
diameter. The entire quartz cell was enclosed in an Alumina insulation 
package. Several K-type thermocouples were located in the insulation. 
The thermocouples were monitored with a multichannel computer data 
acquisition system. A Pyrex cap sealed to the quartz cell with a Viton O 
ring and a C-clamp incorporated ports for gas inlet, outlet, and photon 
detection. A tungsten filament (0.508 mm in diameter and 800 cm in 
length, total resistance -2.5 Q) heater and hydrogen dissociator were in 
the quartz tube as well as a cylindrical titanium screen (300 mm long and 
40 mm in diameter) that served as a second hydrogen dissociator. The 
filament was coiled on a grooved ceramic tube support to maintain its 
shape when heated. The return lead passed through the inside of the 
ceramic tube. The filament leads were covered by a Alumina sheath. 

The light emission phenomena was studied for 1.) H 2 alone, 2.) 
Mg(N0 3 ) 2 alone, 3.) Al(N0 3 ) 3 alone, 4.) RbNO^ alone, 5.) Mg(N0 3 ) 2 with 
flowing hydrogen, 6.) Al(N0 3 ) 3 with flowing hydrogen, and 7.) RbN0 3 with 
flowing hydrogen. The inorganic test materials were coated on the 
titanium screen dissociator by the method of wet impregnation. The 
screen was coated by dipping it in a 0.6 M RbNO^/10% H 2 0 2 , 0.6 M 
Mg(NO}) 2 f 10% H 2 0 2 , or 0.6 M Al{NO z \l\0% H 2 0 2 aqueous solution, and the 
crystalline material was dried on the surface by heating for 12 hours in a 
drying oven at 130 °C. A new dissociator was used for each experiment. 
The test materials were volatilized by the filament heater. 

The titanium screen was electrically floated. Power was applied to 
the filament by a DC power supply which was controlled by a constant 
power controller. The cell was operated with 300 W or less input power 
which corresponded to a cell wall temperature of about 700 °C. The 
temperature of the tungsten filament was estimated to be in the range 
1100 to 1500 °C. 

The cell was operated under gas flow conditions while maintaining 
a constant gas pressure in the cell. The hydrogen was ultrahigh purity. 
The gas pressure inside the cell was maintained at about 300 mTorr with 
a hydrogen flow rate of 5.5 seem controlled by a 0-20 seem range mass 
flow controller (MKS 1 179A21CS1BB) with a readout (MKS type 246). 
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nonradiative mechanisms. As a consequence of the nonradiative energy 
transfer, the hydrogen atom becomes unstable and emits further energy 
until it achieves a lower-energy nonradiative state having a principal 
energy level given by Eqs. (1-2) of the Appendix. 

The energy released during catalysis may undergo internal 
conversion and ionize or excite molecular and atomic hydrogen resulting 
in hydrogen emission which includes well characterized ultraviolet lines 
such as the Lyman series. A search for the predicted Lyman series 
emission due to the catalyst mechanism comprising the nonradiative 
transfer of 27.2 eV from atomic hydrogen to Rb + to form Rb 2 * , and 
emission of the hydride ion product /T(l/2) was performed using EUV 
and visible (VIS) spectroscopy. (The catalytic reaction of Rb* and binding 
energy of the product hydride /T(l/2) are given in the Appendix.) 

II. EXPERIMENTAL 

A. EUV and Visible Spectroscopy 

Due to the extremely short wavelength of this radiation, 
"transparent" optics do not exist for EUV spectroscopy. Therefore, a 
windowless arrangement was used wherein the source was connected to 
the same vacuum vessel as the grating and detectors of the EUV 
spectrometer. Differential pumping permitted a high pressure in the cell 
as compared to that in the spectrometer. This was achieved by pumping 
on the cell outlet and pumping on the grating side of the collimator that 
served as a pin-hole inlet to the optics. The spectrometer was 
continuously evacuated to lO^-lO" 6 Torr by a turbomolecular pump with 
the pressure read by a cold cathode pressure gauge. The EUV 
spectrometer was connected to the cell light source with a 1.5 mm X 5 
mm collimator which provided a light path to the slits of the EUV 
spectrometer. The collimator also served as a flow constrictor of gas from 
the cell. Valves were between the cell and the mechanical pump, the cell 
and the monochromator, and the monochromator and its turbo pump. 
The cell was operated under gas flow conditions while maintaining a 
constant gas pressure in the cell with a mass flow controller. 
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transfer of 3-27.2 eV from atomic hydrogen to atomic potassium. The 
predicted /T(l/4) hydride ion of hydrogen catalysis by potassium catalyst 
was observed at UOnm corresponding to its predicted binding energy of 
11.2 eV. The catalytic reactions with the formation of the hydride ions are 
given in the Appendix. 

Additional prior related studies that support the possibility of a 
novel reaction of atomic hydrogen which produces a chemically 
generated or assisted plasma (rt-plasma) and produces novel hydride 
compounds include extreme ultraviolet (EUV) spectroscopy [6-9, 11-18, 
21-23], characteristic emission from catalysis and the hydride ion 
products [9-13], lower-energy hydrogen emission [4, 6, 7-8, 17], plasma 
formation [9, 11-15, 21-22, 24-25], Balmer a line broadening [7, 9, 11, 
14-15, 17-19], elevated electron temperature [7, 17], anomalous plasma 
afterglow duration [24-25], power generation [7, 9, 14-17, 19-21, 32], 
and analysis of chemical compounds [26-32]. 

Typically the emission of vacuum ultraviolet light from hydrogen 
gas is achieved using discharges at high voltage, synchrotron devices, 
high power inductively coupled plasma generators, or a plasma is created 
and heated to extreme temperatures by RF coupling (e.g. >10 6 A:) with 
confinement provided by a toroidal magnetic field. Observation of 
intense EUV emission at low temperatures (e.g. =10 3 /f) from atomic 
hydrogen and certain atomized elements or certain gaseous ions [9, 11- 
15, 21-22, 24-25] has been reported previously. The only pure elements 
that were observed to emit EUV were those wherein the ionization of t 
electrons from an atom to a continuum energy level is such that the sum 
of the ionization energies of the t electrons is approximately m*272eV 
where t and m are each an integer. K, Cs, and Sr atoms and Rb* ion 
ionize at integer multiples of the potential energy of atomic hydrogen and 
caused emission. Whereas, the chemically similar atoms, Na y Mg, and Ba, 
do not ionize at integer multiples of the potential energy of atomic 
hydrogen and caused no emission. 

The observed EUV emission could not be explained by conventional 
chemistry; rather, it must have been due to a novel chemical reaction 
between catalyst and atomic hydrogen. The catalysis of hydrogen 
involves the nonradiative transfer of energy from atomic hydrogen to a 
catalyst which may then release the transferred energy by radiative and 
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I. INTRODUCTION 



Based on the solution of a Schrodinger-type wave equation with a 
nonradiative boundary condition based on Maxwell's equations, Mills [1- 
35] predicts that atomic hydrogen may undergo a catalytic reaction with 
certain atomized elements or certain gaseous ions which singly or 
multiply ionize at integer multiples of the potential energy of atomic 
hydrogen, 27.2 eV. For example, cesium atoms ionize at an integer 
multiple of the potential energy of atomic hydrogen, mTlleV. The 
enthalpy of ionization of Cs to Cs 2+ has a net enthalpy of reaction of 
27.05135 eV, which is equivalent to m = l [36]. And, the reaction Ar + to Ar u 
has a net enthalpy of reaction of 27.63 eV, which is equivalent to m = l [36]. 
In each case, the reaction involves a nonradiative energy transfer to form 
a hydrogen atom that is lower in energy than unreacted atomic hydrogen. 
The product hydrogen atom has an energy state that corresponds to a 
fractional principal quantum number. Recent analysis of mobility and 
spectroscopy data of individual electrons in liquid helium show direct 
experimental confirmation that electrons may have fractional principal 
quantum energy levels [5]. 

Emission was observed previously from a continuum state of Cs 2+ 
and Ar 2+ at 53.3 nm and 45.6 wn, respectively [13]. The single emission 
feature with the absence of the other corresponding Rydberg series of 
lines from these species confirmed the resonant nonradiative energy 
transfer of 27.2 eV from atomic hydrogen to atomic cesium or i4r + . The 
catalysis product, a lower-energy hydrogen atom, was predicted to be a . 
highly reactive intermediate which further reacts to form a novel 
hydride ion. The predicted hydride ion of hydrogen catalysis by either 
cesium atom or Ar + catalyst is the hydride ion /T(l/2). This ion was 
observed spectroscopically at 407 nm corresponding to its predicted 
binding energy of 3.05 eV. 

The catalyst mechanism of potassium was also confirmed 
spectroscopically [12]. The first, second, and third ionization energies of 
potassium are 4.34066 eV, 31.63 <?V, and 45.806 eV, respectively. The triple 
ionization (r = 3) reaction of K to K 3 \ then, has a net enthalpy of reaction 
of 81.7766<?V, which is equivalent to 3*27.2 eV. Characteristic emission was 
observed from K 3 * which confirmed the resonant nonradiative energy 
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ABSTRACT 



From a solution of a Schrodinger-type wave equation with a 
nonradiative boundary condition based on Maxwell's equations, Mills 
predicts that atomic hydrogen may undergo a catalytic reaction with 
certain atomized elements and ions which singly or multiply ionize at 
integer multiples of the potential energy of atomic hydrogen, 27.2 eV. The 
reaction involves a nonradiative energy transfer to form a hydrogen 
atom that is lower in energy than unreacted atomic hydrogen with the 
release of energy. One such atomic catalytic system involves Rb* from 
RbN0 3 . Since the second ionization energy of rubidium is 27.28 eV y the 

reaction Rb* to Rb 2+ has a net enthalpy of reaction of 27.28 eV. Intense 
extreme ultraviolet (EUV) emission was observed from incandescently 
heated atomic hydrogen and the atomized Rb + catalyst that generated an 
anomalous plasma at low temperatures (e.g. ~10 3 tf) and an extraordinary 
low field strength of about 1-2 V/cm. No emission was observed with 
RbN0 3 or hydrogen alone or when noncatalysts, Mg(N0 3 ) 2 or Al(N0 3 )^ 

replaced RbN0 3 with hydrogen. Emission was observed from Rb 2 * that 
confirmed the resonant nonradiative energy transfer of 27.2 eV from 
atomic hydrogen to atomic Rb*. The catalysis product, a lower-energy 
hydrogen atom, was predicted to be a highly reactive intermediate which 
further reacts to form a novel hydride ion. The predicted hydride ion of 
hydrogen catalysis by Rb + is the hydride ion /T(l/2). This ion was 
observed spectroscopically at 407 nm corresponding to its predicted 
binding energy of 3.05 eV. 
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and Table 1 that was inelastically scattered by helium atoms wherein 
21.2 eV (58.4 nm) was absorbed in the excitation of He (Is 2 ), 

Figure 5. The EUV spectrum (88-125 nm) of the helium-hydrogen 
mixture (98/2%) microwave cell emission recorded with a normal 
incidence EUV spectrometer and a CEM. The pressure was maintained at 
20 torr. An emission line was observed at 91.2 nm with an energy of 
q \3.6eV where q = \ which was identified in Table 1 as hydrogen 
transitions to electronic energy levels below the "ground" state 
corresponding to fractional quantum numbers based on the 912 nm line 
intensity relative to Lp compared to that of the control hydrogen plasma. 

Figure 6. The EUV spectrum (80-105n/n) of the control hydrogen 
microwave discharge cell emission recorded with a normal incidence EUV 
spectrometer and a CEM. 

Figure 7. The 656.2 nm Balmer a line width recorded with a high 
resolution (±0.025 nm) visible spectrometer on a helium-hydrogen mixture 
(90/10%) discharge plasma. Significant broadening was observed 
corresponding to an average hydrogen atom temperature of 33-38 eV . 

Figure 8. The temperature rise as a function of time for helium 
alone and the helium-hydrogen mixture (90/10%) with microwave input 
power set at 60 W and 30 W, respectively. In both cases, the constant 
microwave input was maintained for 90 seconds and then terminated. 
The cooling curves were then recorded. The maximum AT for helium- 
hydrogen mixture and helium alone was 873 °C and 178 °C, respectively. 
The thermal output power of the helium-hydrogen plasma was 
determined to be at least 300 W . 
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Figure Captions 

Figure 1. The experimental set up comprising a microwave 
discharge gas cell light source and an EUV spectrometer which was 
differentially pumped. 

Figure 2. The EUV spectra (15-50 nm) of the microwave cell 
emission of the helium-hydrogen mixture (98/2%) recorded at 1, 24, and 
72 hours with a normal incidence EUV spectrometer and a CEM, and 
control helium (dotted curve) recorded with a 4° grazing incidence EUV 
spectrometer and a CEM. The pressure was maintained at 20 torr. Only 
known He I and He II peaks were observed with the helium control. 
Reproducible novel emission lines that increased with time were 
observed at 45.6 nm and 30.4 nm with energies of 13.6 eV where q = 2or3 
and at 37.4 nm and 20.5 nm with energies of <?13.6eV where q = 4or6 that 
were inelastically scattered by helium atoms wherein 21.2 eV (58.4 nm) 
was absorbed in the excitation of He (Is 2 ). These lines were identified in 
Table 1 as hydrogen transitions to electronic energy levels below the 
"ground" state corresponding to fractional quantum numbers. 

Figure 3. The short wavelength EUV spectra (5- 50 nm) of the 
microwave cell emission of the helium-hydrogen mixture (98/2%) (top 
curve) and control hydrogen (bottom curve) recorded with a normal 
incidence EUV spectrometer and a CEM. No hydrogen emission was 
observed in this region, and no . instrument artifacts were observed. 
Reproducible novel emission lines were observed at 45.6 nm, 30.4 nm, 

13.03 nm, 10.13 nm, and 8.29 nm with energies of q \3.6eV where 

4 = 2,3,7,9, or 11 and at 37.4 nm, 20.5 nm, and 14.15 nm with energies of 
q\3,6eV where q- 4,6, or 8 that were inelastically scattered by helium 
atoms wherein 21.2 eV (58.4 nm) was absorbed in the excitation of He (Is 2 ). 
These lines were identified in Table 1 as hydrogen transitions to 
electronic energy levels below the "ground" state corresponding to 
fractional quantum numbers. 

Figure 4. The EUV spectrum (50-65 nm) of the helium-hydrogen 
mixture (98/2%) glow discharge cell emission recorded with a 4° grazing 
incidence EUV spectrometer and a CEM. The pressure was maintained at 
400 mtorr. A novel line was observed at 63.3 nm corresponding to the 

30.4 nm lower-energy hydrogen transition line shown in Figures 2 and 3 
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Table 2. Calculation of Power Ratios between Helium-Hydrogen and 
Helium Plasmas. 
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63.3 63.3 



63.3 63.3 



91.2 91.2 



"W] + "i^l] ~* H W\ +H++e ' +40Se 
40.8 eV + He (\s 2 ) -» He (b'2p') -> +19.59 eV 



IJe + (n = 2) -> //<? + (/i = l) + 40.8 eV b 

40.8 eV + We (Is 2 ) -> We (1j'2/>') -+ +19.59 <?V 



+ «f +13.6 eV 



91.2 91.2 H ^ e '^ H [ aH ] + l36eV d 6 

a Weak shoulder on the 14.15 nm peak. 

b In Figures 2 and 3, the peak corresponding to He ¥ {n = 3)-» He*(n = l) + 48.35 eV 
(25.6nm)was absent which makes this assignment difficult. 

c The intensity was 56,771 photons/sec in Figure 4; thus, the transition 
He ()s 2 ) -» He (\s ] 2p } ) dominated the inelastic scattering of EUV peaks. 

d The ratio of the L/J peak to the 91.2 nm peak of the helium-hydrogen plasma 
shown in Figure 5 was 2; whereas, the ratio of the L/J peak to the 91.2 nm peak of 
the control hydrogen plasma shown in Figure 6, was 8 which makes this 
assignment difficult. 
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Table L Observed line emission from helium-hydrogen plasmas assigned 
to the dominant disproportionate reactions given by Eqs. (4-7) and 
helium inelastic scattered peaks of hydrogen transitions, wherein the 
photon strikes He (Is 2 ) and 21.2 eV is absorbed in the excitation to 
He(\s l 2p l ). 
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13.03 3 
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Therefore, at microwave input power of 30 W y the thermal output power 
was measured to be P out 2 =321 ±14 W corresponding to an excess power of 

291±14W and an unoptimized gain of about 11 times the input power. 

IV. CONCLUSION 

We report that extreme ultraviolet (EUV) spectroscopy was 
recorded on microwave and glow discharges of helium with 2% hydrogen. 
Novel emission lines were observed with energies of q\3.6eV where 
4 = 1,2,3,4,6,7,8,9, or 11 or these lines inelastically scattered by helium 
atoms wherein 21.2 eV was absorbed in the excitation of He (Is 2 ) to 
He(ls ] 2p ] ). These lines were identified as hydrogen transitions to 
electronic energy levels below the "ground" state corresponding to 
fractional quantum numbers. In glow discharge plasmas, an average 
hydrogen atom temperature of 33-38 eV was observed by line broadening 
with the presence of helium ion catalyst with hydrogen; whereas, pure 
hydrogen plasmas showed no excessive broadening corresponding to an 
average hydrogen atom temperature of ~3eV. 

Excess thermal power of about 300 W and a gain of over an order of 
magnitude was observed from helium-hydrogen microwave plasmas. 
The power from the catalytic reaction of helium ions with atomic 
hydrogen corresponded to a volumetric power density of over 30 MWIm 1 
which is about 100 times that of many coal fired electric power plants, 
and rivals some internal combustion engines. In addition, the presently 
observed and previously reported energy balances [13-14] were over 
100 eV/H atom which matched the present and previously reported EUV 
emission that corresponded to over \00eV/Hatom [7-9, 17]. Since the net 
enthalpy released is at least 100 times that of combustion, the catalysis 
of atomic hydrogen represents a new source of energy with H 2 0 as the 
source of hydrogen fuel. Moreover, rather that air pollutants or 
radioactive waste, novel hydride compounds with potential commercial 
applications are the products [20-26]. Since the power is in the form of a 
plasma that may form at room temperature, high-efficiency, low cost 
direct energy conversion may be possible, thus, avoiding heat engines 
such as turbines and the severe limitations of fuel cells [27-28]. 
Significantly lower capital costs and lower commercial operating costs 
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of 30 W y the thermal output power was measured to be at least 300 W 
corresponding to a reactor temperature rise from room temperature to 
900 °C within 90 seconds, a power density of over 30 MW/m 3 , and an 
energy balance of over -4 X 10 5 kJlmoleH 2 compared to the enthalpy of 
combustion of hydrogen of -241.8 kJ I mole H 2 . 

A more accurate measure was determined by modeling the heat 
flow from the quartz reactor wherein the parameters of the model were 
taken from the Newton cooling curves. Consider a small heat increment 

dQ t = P o Jt = dQ m + dQ { = CdT h -CdT c (11) 
where Q t is the total heat, Q m is the measured heat, Q is the lost heat, P 0UJ 
is the power output, / is time, C is the system heat capacity, dT h is the 
temperature rise due to heating, and dT c is the temperature drop due to 
cooling (dT c is negative). The system heat capacity is a function of 
temperature, and at a given temperature, the power output can be 
expressed by the following equation, 

The slopes dT h ldt and dTJdt can be calculated from the heating and 
cooling curves, respectively. Assuming that, at a given temperature, the 
heat capacities of the two systems (system 1: helium alone; system 2: 
helium-hydrogen) are the same, C, = C 2 , then the power ratio can be 
calculated by 

(dT h2 dT cl \ 

\ dt dt ) 
(dT h , dT c A 

{ dt dt ) 

The slopes of the heating and cooling curves were calculated using the 
experimental data presented in Figure 8. The power ratios were 
calculated by Eq. (13) in the temperature range AT = 50-150°C, where AT 
was the difference between the plasma temperature and the room 
temperature, 24 °C. The calculated results are given in Table 2. The 
average power ratio is /? = 5.35 with a standard deviation of 0.23. The 
following power balance existed in the microwave plasma systems, 

P = p +P (14) 

* out * m 1 * ex v 7 

where P m was the input power and P ex was the excess power. For the 
helium plasma, there was no excess power, ^,=0, P 0UtA -P itlA =60 W. 



/? = Zki = JL_^ J^L (13) 

1 out A 
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The results of the 656.2 nm Balmer a line width measured with a 
high resolution (±0.025 nm) visible spectrometer on glow discharge 
plasmas having atomized hydrogen from pure hydrogen alone and 
helium-hydrogen (90/10%) is given in Figure 7. Using the method of 
Kuraica and Konjevic [33] and Videnocic et al. [34], the energetic 
hydrogen atom densities and energies were calculated. It was found that 
helium-hydrogen showed significant broadening corresponding to an 
average hydrogen atom temperature of 33-38*V and an atom density of 
3X 10 13 atoms /cm 3 ; whereas, pure hydrogen showed no excessive 
broadening corresponding to an average hydrogen atom temperature of 
~3eV and an atom density of only 5 X 10 13 atoms/ cm 3 ever though 10 times 
more hydrogen was present. 

C. Power balance measurements 

Since a significant increase in ion temperature was observed with 
helium-hydrogen discharge plasmas, and energetic hydrino lines were 
observed at short wavelengths in the corresponding microwave plasmas ^ 
that required a very significant reaction rate due to low photon detection ^ 
efficiency in this region, the power balance was measured on the helium- 
hydrogen microwave plasmas by heat loss calorimetry [32]. No increase 
in temperature with the addition of hydrogen to xenon was observed. In 
contrast, a remarkable temperature increase was observed when 
hydrogen was added to the helium microwave plasma. The temperature 
rise as a function of time for helium alone and the helium-hydrogen 
mixture (90/10%) is shown in Figure 8. The microwave input power to 
the helium alone was set at 60 W, and the input power to the helium- 
hydrogen mixture was 30 In both cases, the constant microwave 
input was maintained for 90 seconds and then terminated. The cooling 
curves were then recorded. 

A conservative measure of the total output power was determined 
by taking the ratio of the areas of the helium-hydrogen temperature- 
rise-above-ambient-versus-time curve compared to that of helium only 
normalized by the ratio of the input powers. The ratio of the areas was 
determined to be about a factor of 10. The reactor volume was 10 cm 3 and 
the hydrogen flow rate was 1 seem. Thus, with a microwave input power 
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He(\s 2 ), 21.2 eV is absorbed in the excitation to He (ls'2/? 1 ). This leaves a 
19.6 eV (63.3 nm) photon and a 21.2 eV (58.4 nm) photon from He{ls l 2p l ). 
The intensity of the 58.4 nm shown in Figure 4 was off-scale with 56,771 
photons/sec. Thus, the transition He (ls 2 )-» He (\s ] 2p { ) dominated the 
inelastic scattering of EUV peaks. For the first nine peaks assigned as 
lower-energy hydrogen transitions or such transitions inelastically 
scattered by helium, the agreement between the predicted values and 
the experimental values shown in Table 1 is remarkable. It is also 
remarkable that the hydrino lines are moderately intense based on the 
low grating efficiency at these short wavelengths. 

As shown in Figures 5 and 6, the ratio of the hp peak to the 91.2 nm 
peak of the helium-hydrogen microwave plasma was 2; whereas, the 
ratio of the L/J peak to the 91.2 nm peak of the control hydrogen 
microwave plasma was 8 which indicates that the majority of the 91.2 nm 
peak was due to a transition other than the binding of an electron by a 
proton. Based on the intensity, it is proposed that the majority of the 

91.2 peak was due to the -->- transition given in Table 1. 

2 4 

The energies for the hydrogen transitions given in Table 1 in order 
of energy are 13.6 eV, 27.2 eV, 40.8 eV y 54.4 eV, 81.6 eV, 95.2 eV, 108.8 eV, 
122.4 eV and 149.6 eV . The corresponding peaks are 91.2 nm, 45.6 nm, 30 A nm 
with 63.3 nm, 37.4 nm, 20.5 nm, 13.03 nm, 14.15 nm, 10.13 nm, and 8.29 nm, 
respectively. Thus, the lines identified as hydrogen transitions to 
electronic energy levels below the "ground" state corresponding to 
fractional quantum numbers correspond to energies of ?13.6eV where 
q = 1,2,3,4,6,7,8,9, or 11 or these lines inelastically scattered by helium 
atoms wherein 21.2 eV was absorbed in the excitation of He (Is 2 ) to 
He(\s l 2p ] ). All other peaks besides those assigned to lower-energy 
hydrogen transitions could be assigned to He I, He II, second order lines, 
or atomic or molecular hydrogen emission. No known lines of helium or 
hydrogen explain the q l3,6eV related set of peaks. Given that these 
spectra are readily repeatable, these peaks may have been overlooked in 
the past without considering the role of the helium scattering. 

B. Line broadening measurements 
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over the wavelength range 5-125 nm. In the case of hydrogen, no peaks 
were observed below 78 nm, and no spurious peaks or artifacts due to the 
grating or the spectrometer were observed. Only known He I and He II 
peaks were observed in the EUV spectra of the control helium microwave 
or glow discharge cell emission. 

The EUV spectra ( 15 - 50 nm) of the microwave cell emission of the 
helium-hydrogen mixture (98/2%) that was recorded at 1, 24, and 72 
hours and the helium control (dotted curve) is shown in Figure 2. 
Ordinary hydrogen has no emission in these regions. Peaks observed at 
45.6 nm, 37.4 nm, and 20.5 nm which do not correspond to helium and 
increased with time were assigned to lower-energy hydrogen transitions 
in Table 1 . The lines that corresponded to hydrogen transitions to lower 
electronic energy levels were not observed in the helium control. The 
pressure was increased from 20 torr to 760 torr. The peaks appeared 
slightly more intense at the lower pressure; so, the pressure was 
decreased to 1 torr and spectra were recorded. 

At the 1 torr condition, additional novel peaks were observed in the 
short wavelength region. The short wavelength EUV spectrum (5-50 nm) 
of the control hydrogen microwave cell emission (bottom curve) is shown 
in Figure 3. No spectrometer artifacts were observed at the short 
wavelengths. The short wavelength EUV spectrum (5-50 nm) of the 
helium-hydrogen mixture (98/2%) microwave cell emission with a 
pressure of 1 torr (top curve) is also shown in Figure 3. Peaks observed 
at 14.15 nm, 13.03 nm, 10.13 nm, and 8.29 nm which do not correspond to 
helium were assigned to lower-energy hydrogen transitions in Table 1. 
It is also proposed that the 30.4 nm peak shown in Figures 2 and 3 was not 
entirely due to the He II transition. In the case of helium-hydrogen 
mixture, conspicuously absent was the 25.6 nm (48.3 eV) line of He II shown 
in Figure 2 which implies only a minor He II transition contribution to 
the 30.4 nm peak. 

A novel 63.3 nm peak was observed in the EUV spectrum ( 50 - 65 nm) 
of the helium-hydrogen mixture (98/2%) glow discharge cell emission 
shown in Figure 4. It is proposed that the 63.3 nm peak arises from 
inelastic helium scattering of the 30.4 nm peak. That is, the 

transition yields a 40.8 eV photon (30.4 nm). When this photon strikes 
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C. Power balance measurements 



The power balances of microwave plasmas of helium, krypton, and 
xenon alone and each noble gas with 10% hydrogen were determined by 
heat loss calorimetry [32] in the cell described in section A except that 
the cell was not air cooled. A K-type thermocouple (±0.1 °C) housed in a 
stainless steel tube was placed axially inside the center of the 10 cm 3 
plasma volume of the quartz microwave cell. The thermocouple was read 
with a multichannel computer data acquisition system. The gas in each 
case was ultrahigh purity grade or higher. The gas pressure inside the 
cell was maintained at about 300 mtorr with a noble gas flow rate of 9.3 
seem or an noble gas flow rate of 8,3 seem and a hydrogen flow rate of 1 
seem. Each gas flow was controlled by a 0-20 seem range mass flow 
controller (MKS 1179A21CS1BB) with a readout (MKS type 246). The cell 
pressure was monitored by a 0-10 torr MKS Baratron absolute pressure 
gauge. 

No increase in temperature was observed when 10% hydrogen was 
added to krypton or xenon plasmas. In contrast, with the addition of 10% 
hydrogen to a helium plasma, the quartz wall was observed to melt in 
about 90 seconds unless the power was 30 W or less. Whereas, the 
helium alone plasma at 60 W input had a maximum temperature rise 
above room temperature, A7\ of 178 °C at 90 seconds. Thus, to achieve a 
higher control AT to give greater analytical accuracy, the temperature 
rise of the inside of the cell was measured for 90 seconds with helium at 
60 W input. The input power was stopped, and a cooling curve was 
measured. Then the experiment was repeated with the addition of 10% 
hydrogen to the helium run at only 30 W to prevent the cell from 
melting. In additional controls, noncatalysts krypton or xenon replaced 
helium. 

III. RESULTS AND DISCUSSION 

A- EUV Spectroscopy 

The EUV emission was recorded from microwave and glow 
discharge plasmas of hydrogen, helium, and helium with 2% hydrogen 
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To achieve higher sensitivity at the ^shorter EUV wavelengths, the 
light emission from a helium microwave plasma and a glow discharge 
plasma of a helium-hydrogen mixture (98/2%) maintained according to 
the methods given previously [7] were recorded with a McPherson 4° 
grazing incidence EUV spectrometer (Model 248/3 10G) equipped with a 
grating having 600 G/mm with a radius of curvature of ~lm. The angle 
of incidence was 87°. The wavelength region covered by the 
monochromator was 5 - 65 nm. The wavelength resolution was about 
0.04 nm (FWHM) with an entrance and exit slit width of 300/im. A channel 
electron multiplier (CEM) at 2400 V was used to detect the EUV light. The 
increment was 0.1 nm and the dwell time was 1 s. 

B. Line broadening measurements 

The width of the 656.2 nm Balmer a line emitted from gas glow 
discharge plasmas having atomized hydrogen from pure hydrogen alone 
or with a mixture of 10% hydrogen and helium at 2 torr total pressure 
was measured according to the methods given previously [11]. The 
plasmas were maintained in a cylindrical stainless steel gas cell (9.21 cm 
in diameter and 14.5 cm in height) with an axial hollow cathode glow 
discharge electrode assembly comprised a stainless steel plate (4.2 cm 
diameter, 0.9 mm thick) anode and a circumferential stainless steel 
cylindrical frame (5.1 cm OD, 7.2 cm long) perforated with evenly spaced 
1 cm diameter holes. The emission was viewed normal to the cell axis 
through a 1.6 mm thick UV-grade sapphire window with a 1.5 cm view 
diameter. The discharge was carried out under static gas conditions with 
a DC voltage of about 275 V which produced about 0.2 A of current. The 
plasma emission from the glow discharges was fiber-optically coupled 
through a 220F matching fiber adapter to a high resolution visible 
spectrometer with a resolution of ±0.025 nm over the spectral range 
190- 860 nm. The entrance and exit slits were set to 20 /im. The 
spectrometer was scanned between 656- 657 nm using a 0.01 nm step size. 
The signal was recorded by a PMT with a stand alone high voltage power 
supply (950 V) and an acquisition controller. The data was obtained in a 
single accumulation with a 1 second integration time. 
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lines. Since the corresponding electronic transitions are very energetic, 
Balmer a line broadening was anticipated and was measured. Since the 
second ionization energy of //e + is an exact multiple of the potential 
energy of atomic hydrogen and microwave plasmas may have significant 
concentrations of as well as atomic hydrogen, fast kinetics observable 
as heat may be possible. Thus, power balances of microwave plasmas of 
helium-hydrogen mixtures were also measured. 

II. EXPERIMENTAL 

A. EUV Spectroscopy 

EUV spectroscopy was recorded on hydrogen, helium, and helium- 
hydrogen (98/2%) microwave and glow discharge plasmas according to 
the methods given previously [7]. The glow discharge experimental set 
up was given previously [7], The microwave experimental set up 
comprising a microwave discharge gas cell light source and an EUV 
spectrometer which was differentially pumped is shown in Figure 1. 
Helium-hydrogen (98/2%) gas mixture was flowed through a half inch 
diameter quartz tube at 1 torr, 20 torr, or 760 torr. The gas pressure 
inside the cell was maintained by flowing the mixture while monitoring 
the pressure with a 10 torr and 1000 torr MKS Baratron absolute 
pressure gauge. By the same method, the hydrogen alone and helium 
alone plasmas were run at 20 torr. The tube was fitted with an Opthos 
coaxial microwave cavity (Evenson cavity). The microwave generator 
was a Opthos model MPG-4M generator (Frequency: 2450 MHz). The 
input power to the plasma was set at 85 watts with air cooling of the cell. 

The spectrometer was a normal incidence McPherson 0.2 meter 
monochromator (Model 302, Seya-Namioka type) equipped with a 1200 
lines/mm holographic grating with a platinum coating. The wavelength 
region covered by the monochromator was 5-560/im. The EUV spectrum 
was recorded with a channel electron multiplier (CEM) at 2500-3000 V. 
The wavelength resolution was about 0.02 nm (FWHM) with an entrance 
and exit slit width of 50 fjm. The increment was 0.2 nm and the dwell time 
was 500 ms. Novel peak positions were based on a calibration against the 
known He I and He II lines. 
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atom, //^— j, with the hydrogen-type atom, tf^vj, that is ionized by the 

resonant energy transfer to cause a transition reaction is represented by 

m X 27.2 1 e V + H^- j + h]^- j -> /T + e' + + [(/> + m) 2 - p 2 - (m' 2 -2m)]Xl 3.6 eV 

(5) 

// + +e"->//^j + 13.6eV (6) 
And, the overall reaction is 

H^BlL J + //^ j _> //^ J + //|^_^L_ j + [2pm + m 2 - m' 2 ]X1 3. 6 e V + 1 3. 6 e V ( 7 ) 

It is further proposed that the photons that arise from hydrogen 
catalysis may undergo inelastic helium scattering. That is, the catalytic 
reaction 

H[a H ] He * > //j^j+54.4 eV + 54.4 eV (8) 

yields two 54.4 eV photons (22.8 nm). When each of these photons strikes 
He (Is 2 ), 21.2 eV is absorbed in the excitation to He (ls'2/? 1 ). This leaves a 
33.19<?V (37.4 nm) photon peak shown in Table 1. Thus, for helium the 
inelastic scattered peak of 54.4 eV photons from Eq. (3) is given by 

E = 54.4eV-21.21eV = 33.19<?V (37.4 nm) (9) 
The general reaction is 

photon {hv) + He (Is 2 ) -> He (ls l 2p ] ) + photon (Av- 21.21 eV) ( 1 0) 

A number of independent experimental observations lead to the 
conclusion that atomic hydrogen can exist in fractional quantum states 
that are at lower energies than the traditional "ground" (n = l) state. Prior 
related studies that support the possibility of a novel reaction of atomic 
hydrogen which produces a chemically generated or assisted plasma and 
produces novel hydride compounds include extreme ultraviolet (EUV) 
spectroscopy [7-12, 15-19], characteristic emission from catalysis and the 
hydride ion products [9-10], lower-energy hydrogen emission [5, 7-8], 
plasma formation [9-12, 15-16, 18-19], Balmer a line broadening [13], 
anomalous plasma afterglow duration [18-19], power generation [11-15, 
26], and analysis of chemical compounds [20-26]. We report that 
microwave and glow discharges of helium-hydrogen mixtures were 
studied by extreme ultraviolet (EUV) spectroscopy to search for hydrino 
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metastable state, excited to a resonance state, or ionized by the resonant 
energy transfer. 

The resonant transfer may occur in multiple stages. For example, a 
nonradiative transfer by multipole coupling may occur wherein the 
central field of the first increases by m, then the electron of the first 



drops m levels lower from a radius of — to a radius of a " with 

P p + m 

further resonant energy transfer. The energy transferred by multipole 

coupling may occur by a mechanism that is analogous to photon 

absorption involving an excitation to a virtual level. Or, the energy 

transferred by multipole coupling during the electron transition of the 

first hydrino atom may occur by a mechanism that is analogous to two 

photon absorption involving a first excitation to a virtual level and a 

second excitation to a resonant or continuum level [29-31]. The 

transition energy greater than the energy transferred to the second 

hydrino atom may appear as a photon in a vacuum medium. 

The transition of H \ — \ to H — ^— induced by a multipole 

[p] lP + rn\ 

resonance transfer of m -27.21 eV and a transfer of 
[(p* ) 2 - {p' -m'f] X 13.6 eV-m -27. 2 eV with a resonance state of H 



p -m 

excited in ^~T"j ls re P re sented by 

4^] + 4pP4A] + fe] +[((p+m), - , ' !) -(''' ! - ( ' , '-" , ' )2 ) ,xi3 ' 6ev 

(4) 

where p y p\ m, and rri are integers. 

Hydrinos may be ionized during a disproportionate reaction by 
the resonant energy transfer. A hydrino atom with the initial lower- 
energy state quantum number p and radius — may undergo a transition 

P 

to the state with lower-energy state quantum number (p+m) and radius 
, a " x by reaction with a hydrino atom with the initial lower-energy 

state quantum number rri , initial radius ^f, and final radius a H that 
provides a net enthalpy of m 212 eV. Thus, reaction of hydrogen-type 
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I. INTRODUCTION 

From a solution of a Schrodinger-type wave equation with a 
nonradiative boundary condition based on Maxwell's equations, Mills 
predicts that atomic hydrogen may undergo a catalytic reaction with 
certain atomized elements and ions which singly or multiply ionize at 
integer multiples of the potential energy of atomic hydrogen, m-21.2eV 
wherein m is an integer [1, 6-28]. The reaction involves a nonradiative 
energy transfer to form a hydrogen atom that is lower in energy than 
unreacted atomic hydrogen that corresponds to a fractional principal 

quantum number (n = — = — - — replaces the well known parameter 

p integer 

n~ integer in the Rydberg equation for hydrogen excited states). One such 
atomic catalytic system involves helium ions because the second 
ionization energy of helium is 54.417 eV, which is equivalent to m = 2. In 
this case, the catalysis reaction is 

54.417 eV + He* + H[a H ] -> He 2 * + e + //^J + 108.8 eV ( 1 ) 

//e 2+ + e~ ->//e + + 54.417 eV (2) 
And, the overall reaction is 

H[a H ] -> ] + 54 4 e V + 54 4 eV ( 3 > 

Since the products of the: catalysis reaction have binding energies of 
m-27.2eV, they may further serve as catalysts. Thus, further catalytic 

transitions may occur: n = ^-»— , and so on. In this process called 

3 4 4 5 

disproportionation, lower-energy hydrogen atoms, hydrinos, can act as 
catalysts because each of the metastable excitation, resonance excitation, 
and ionization energy of a hydrino atom is m-27.2eV\ The transition 
reaction mechanism of a first hydrino atom affected by a second hydrino 
atom involves the resonant coupling between the atoms of m degenerate 
multipoles each having 27.21 eV of potential energy [1, 6-28]. The energy 
transfer of m 272eV from the first hydrino atom to the second hydrino 
atom causes the central field of the first atom to increase by m and its 

electron to drop m levels lower from a radius of — to a radius of a " . 

p p + m 

The second interacting lower-energy hydrogen is either excited to a 
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New Power Source from Fractional Quantum Energy Levels of Atomic Hydrogen that 

Surpasses Internal Combustion 
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ABSTRACT 

Extreme ultraviolet (EUV) spectroscopy was recorded on microwave discharges of 
helium with 2% hydrogen. Novel emission lines were observed with energies of q l3.6eV 
where q = 1,2,3,4,6,7,8,9, or 1 1 or these lines inelastically scattered by helium atoms wherein 
21.2 eV was absorbed in the excitation of He (Is 2 ) to He(ls l 2p l ). These lines were 
identified as hydrogen transitions to electronic energy levels below the "ground" state 
corresponding to fractional quantum numbers. Significant line broadening corresponding to an 
average hydrogen atom temperature of 33 - 38 eV was observed for helium-hydrogen discharge 
plasmas; whereas, pure hydrogen showed no excessive broadening corresponding to an average 
hydrogen atom temperature of = 3eV. Since a significant increase in ion temperature was 
observed with helium-hydrogen discharge plasmas, and energetic hydrino lines were observed 
at short wavelengths in the corresponding microwave plasmas that required a very significant 
reaction rate due to low photon detection efficiency in this region, the power balance was 
measured on the helium-hydrogen microwave plasmas. With a microwave input power of 
30 W f the thermal output power was measured to be at least 300 W corresponding to a reactor 
temperature rise from room temperature to 900 °C within 90 seconds, a power density of 
30 MVflm , and an energy balance of about -4 X10 5 kJImole H 2 compared to the enthalpy 
of combustion of hydrogen of -241.8 kJ I mole H 2 . 
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20 torr. An emission line was observed at 91.2 nm with an energy of 
q \3.6eV where q = \ which was identified as a fractional Rydberg state 
transition based on the 91.2 nm line intensity relative to L(3 compared to 
that of the control hydrogen plasma. 

Figure 6. The EUV spectrum (80-108/im) of the control hydrogen 
microwave discharge cell emission recorded with a normal incidence EUV 
spectrometer and a CEM. 

Figure 7. The 656.2 nm Balmer a line width recorded with a high 
resolution (10.025 nm) visible spectrometer on a helium-hydrogen mixture 
(90/10%) discharge plasma. Significant broadening was observed 
corresponding to an average hydrogen atom temperature of 33-38 eV. 

Figure 8. The temperature rise as a function of time for helium 
alone and the helium-hydrogen mixture (95/5%) with microwave input 
power set at 40 W. The constant microwave input was maintained for 90 
seconds and 60 seconds, respectively, and then terminated. The cooling 
curves were then recorded. The maximum temperature of the helium- 
hydrogen mixture plasma and helium alone plasma was 1240°C and 
186°C, respectively. The thermal output power of the helium-hydrogen 
plasma was determined to be 240 W. 
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Figure Captions 



Figure 1. The experimental set up comprising a microwave 
discharge gas cell light source and an EUV spectrometer which was 
differentially pumped. 

r Figure 2. The EUV spectra (15-50 nm) of the microwave cell 
emission of the helium-hydrogen mixture (98/2%) recorded at 1, 24, and 
72 hours with a normal incidence EUV spectrometer and a CEM, and 
control helium (dotted curve) recorded with a 4° grazing incidence EUV 
spectrometer and a CEM. The pressure was maintained at 20 torr. Only 
known He I and He II peaks were observed with the helium control. 
Reproducible novel emission lines that increased with time were 
observed at 45.6 nm and 30.4 with energies of q \3.6eV where q = 2or3 
and at 37.4 nm and 20.5 nm with energies of q l3.6eV where q = 4or6 that 
were inelastically scattered by helium atoms wherein 21.2 eV (58.4 nm) 
was absorbed in the excitation of He (Is 2 ). 

Figure 3. The short wavelength EUV spectra (5-50 nm) of the 
microwave cell emission of the helium-hydrogen mixture (98/2%) (top 
curve) and the control hydrogen (bottom curve) recorded with a normal 
incidence EUV spectrometer and a CEM. No hydrogen emission was 
observed in this region, and no instrument artifacts were observed. 
Reproducible novel emission lines were observed at 45.6 nm, 30.4 nm, 

13.03 nm, 10.13 nm, and 8.29 nm with energies of q-13.6eV where 

q- 2,3,7,9, or 11 and at 37.4 nm, 20.5 nm, and 14.15 nm with energies of 
q- 13.6 eV where q = 4,6, or 8 that were inelastically scattered by helium 
atoms wherein 21.2 eV (58.4 nm) was absorbed in the excitation of He (Is 2 ). 

Figure 4. The EUV spectrum (50-65 nm) of the helium-hydrogen 
mixture (98/2%) glow discharge cell emission recorded with a 4° grazing 
incidence EUV spectrometer and a CEM. The pressure was maintained at 
400 mtorr. A novel line was observed at 63.3 nm corresponding to the 

30.4 nm fractional Rydberg state transition shown in Figures 2 and 3 that 
was inelastically scattered by helium atoms wherein 21.2 eV (58.4 nm) was 
absorbed in the excitation of He(\s 2 ). 

Figure 5. The EUV spectrum (88-125 nm) of the helium-hydrogen 
mixture (98/2%) microwave cell emission recorded with a normal 
incidence EUV spectrometer and a CEM. The pressure was maintained at 
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Table 1. Calculation of Power Ratios between Helium-Hydrogen and 
Helium Plasmas. 
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Excess thermal power of about 240 W and a gain of 6 was observed 
from helium-hydrogen microwave plasmas. The power from the catalytic 
reaction of helium ions with atomic hydrogen corresponded to a 
volumetric power density of over 24 MW/m 3 which is about 100 times that 
of many coal fired electric power plants, and rivals some internal 
combustion engines. In addition, the presently observed and previously 
reported energy balances [15-16] were over 100 eV/H atom which matched 
the present and previously reported EUV emission that corresponded to 
over \O0 eV/H atom [9-11, 19]. Since the net enthalpy released is at least 
100 times that of combustion, the catalysis of atomic hydrogen 
represents a new source of energy with H 2 0 as the source of hydrogen 
fuel. Moreover, rather that air pollutants or radioactive waste, novel 
hydride compounds with potential commercial applications are the 
products [21-28]. Since the power is in the form of a plasma that may 
form at room temperature, high-efficiency, low cost direct energy 
conversion may be possible, thus, avoiding heat engines such as turbines 
and the severe limitations of fuel cells [33-35]. Significantly lower capital 
costs and lower commercial operating costs than that of any known 
competing energy source are anticipated. 
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microwave plasma systems, 

P~ = P*+P„ d 2 ) 

where P in was the input power and P CT was the excess power. For the 

helium plasma, there was no excess power, P„ , =0, P out } = P inl = 40 W. 

The calculated results are given in Table 1. The average power 
ratio is /? = 5.94 with a standard deviation of 0.21. Since the temperature 
was recorded at 200 millisecond intervals, the data in Figure 8 shows 
that the temperature rise as a function of time was variable over the 60 
second reaction time and significantly accelerated at temperatures above 
those used in the power balance determination based on Eq. (11). Thus, 
the analysis shown in Table 1 is conservative. 

The reactor volume was 10 cm 3 , and the hydrogen flow rate was 0.5 
seem. Therefore, with a microwave input power of 40 W, the thermal 
output power was measured to be 238 + 8 W corresponding to a plasma gas 
temperature rise from room temperature to 1240 °C within 60 seconds, 
an unoptimized gain of about 6 times the input power, an excess power 
of 198±8W, a power density of 24MW/m 3 , and an energy balance of at!r 
least -3X10 5 kJlmoleH 2 compared to the enthalpy of combustion of 
hydrogen of -241.8 kJ I mole H 2 . 

IV. CONCLUSION 

We report that extreme ultraviolet (EUV) spectroscopy was 
recorded on microwave and glow discharges of helium with 2% hydrogen. 
Novel emission lines were observed with energies of q\3.6eV where 
4 = 1,2,3,4,6,7,8,9, or 11 or these lines inelastically scattered by helium 
atoms wherein 21.2 eV was absorbed in the excitation of He (Is 2 ) to 
He(ls*2p } ). These lines were identified as transitions to fractional 
Rydberg states of atomic hydrogen. In glow discharge plasmas, an 
average hydrogen atom temperature of 33-38eV was observed by line 
broadening with the presence of helium ion catalyst with hydrogen; 
whereas, pure hydrogen plasmas showed no excessive broadening 
corresponding to an average hydrogen atom temperature of ~3eV. 
Similarly, the average electron temperature for helium-hydrogen 
microwave plasmas was 28,000 K; whereas, the corresponding 
temperature of helium alone was only 6800 K. 
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microwave plasmas by heat loss calorimetry [30], No increase in 
temperature with the addition of hydrogen to krypton or xenon was 
observed. In contrast, a remarkable temperature increase was observed 
when hydrogen was added to the helium microwave plasma. The 
temperature rise as a function of time for helium alone and the helium- 
hydrogen mixture (95/5%) is shown in Figure 8. The microwave input 
power to the helium alone and the helium-hydrogen mixture was set at 
40 W. The constant microwave input was maintained for 60 seconds and 
90 seconds, respectively, and then terminated. The cooling curves were 
then recorded. 

The power balance was determined by modeling the heat flow from 
the quartz reactor wherein the parameters of the model were taken from 
the Newton cooling curves. Consider a small heat increment 

dQ t = P m dt = dQ m + dQ = CdT h - CdT c (9) 
where Q t is the total heat, Q m is the measured heat, Q f is the lost heat, P out 
is the power output, t is time, C is the system heat capacity, dT h is the 
temperature rise due to heating, and dT c is the temperature drop due to 
cooling (dT c is negative). The system heat capacity is a function of 
temperature, and at a given temperature, the power output can be 
expressed by the following equation, 

P t = A£jL-*L\ do) 
out \dt dt ) 

The slopes dT h ldt and dTJdt can be calculated from the heating and 
cooling curves, respectively. Assuming that, at a given temperature, the 
heat capacities of the two systems (system 1: helium alone; system 2: 
helium-hydrogen) are the same, C,=C 2 , then the power ratio can be 
calculated by 

(dT ha dT c2 \ 

R- P gu/ 2 = ^ dt dt ' (11) 



' out,\ 



{ dt dt ) 



The slopes of the heating and cooling curves were calculated using the 
experimental data presented in Figure 8. The power ratios were 
calculated by Eq. (11) in the temperature range A7 , = 50-15O°C, where AT 
was the difference between the plasma temperature and the room 
temperature, 24 °C. The following power balance existed in the 
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absorbed in the excitation of He (Is 2 ) to He(W2p x ). There is remarkable 
agreement between the data and the proposed transitions to fractional 
Rydberg states and these lines inelastically scattered by helium according 
to Eq. (8). All other peaks could be assigned to He I, He II, second order 
lines, or atomic or molecular hydrogen emission. No known lines of 
helium or hydrogen explain the q \36eV related set of peaks. Given that 
these spectra are readily repeatable, these peaks may have been 
overlooked in the past without considering the role of the helium 
scattering. It is also remarkable that the novel lines are moderately 
intense based on the low grating efficiency at these short wavelengths. 

B. Line broadening and T ( measurements 

The results of the 656.2 nm Balmer a line width measured with a 
high resolution (±0.025 nm) visible spectrometer on glow discharge 
plasmas having atomized hydrogen from pure hydrogen alone and 
helium-hydrogen (90/10%) is given in Figure 7. Using the method of ' 
Kuraica and Konjevic [31] and Videnocic et al. [32], the energetic 
hydrogen atom densities and energies were calculated. It was found that 
helium-hydrogen showed significant broadening corresponding to an 
average hydrogen atom temperature of 33-38eV and an atom density of 
3X10 13 atoms/ cm 3 ; whereas, pure hydrogen showed no excessive 
broadening corresponding to an average hydrogen atom temperature of 
= 3eV and an atom density of only 5 X 10 13 atoms/ cm 3 even though 10 times 
more hydrogen was present. Similarly, the average electron temperature 
for helium-hydrogen microwave plasma was 28,000 K; whereas, the 
corresponding temperature of helium alone was only 6800 K. 

C. Power balance measurements 

Since a significant increase in ion and electron temperature was 
observed with helium-hydrogen discharge and microwave plasmas, 
respectively, and energetic hydrino lines were observed at short 
wavelengths in the corresponding microwave plasmas that required a 
very significant reaction rate due to low photon detection efficiency in 
this region, the power balance was measured on the helium-hydrogen 
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case, the catalysis reaction is 

54.4 1 7 e V + He + + H[a H ] -> He 2+ + e + //j^fl-J + 1 08.8 e V ( 3 ) 

tf<? 2+ + e" -> + 54.4 \1 eV ( 4 ) 

And, the overall reaction is 

H[a H ] -> + 54 4 eV + 544 eV (5) 

Since the products of the catalysis reaction have binding energies of 
m-27.2eV, they may further serve as catalysts. Thus, further catalytic 

transitions may occur: n = — > — , and so on. 

J 3 4 4 5 

Electronic transitions to Rydberg states given by Eqs. (2a) and (2c) 

catalyzed by the resonant nonradiative transfer of m-21.2eV would give 

rise to a series of emission lines of energies ql3.6eV where q is an 

integer. It is further proposed that the photons that arise from hydrogen 

transitions may undergo inelastic helium scattering. That is, the catalytic 

reaction 

H[a H ] He * ) //|^J + 54.4 eV + 54.4 eV (6) 

yields two 54.4 eV photons (22.8 nm). When each of these photons strikes 
He (Is 2 ), 21.2 eV is absorbed in the excitation to He (Is 1 2 p 1 }. This leaves a 
33.19 eV (37 A nm) photon peak and a 21.2 eV (58.4 nm) photon from 
He(\s } 2p ] ). Thus, for helium the inelastic scattered peak of 54.4 eV 
photons from Eq. (3) is given by 

£ = 54.4<?V-21.21eV = 33.19eV (31Anm) (7) 
A novel peak shown in Figures 2 and 3 was observed at 37.4 nm. 
Furthermore, the intensity of the 58.4 nm shown in Figure 4 was off-scale 
with 56,771 photons/sec. Thus, the transition He (Is 2 )-* He (ls } 2p*) 
dominated the inelastic scattering of EUV peaks. The general reaction is 
photon (hv) + He (Is 2 )-* He (l5 l 2/? l ) + photon (ftv-21.21 eV) (8) 
With Eq. (8), the two empirical series may be combined. The 
energies for the novel lines in order of energy are 13.6 eV, 27.2 eV, 40.8 eV, 
54.4 eV, 81.6 eV, 95.2 eV, 108.8 eV, 122.4 eV and 149.6 eV . The corresponding 
peaks are 91.2 nm, 45.6 nm, 30.4 nm with 63.3 nm, 37.4 nm, 20.5 nm, 13.03 nm, 
14.15 nm, 10.13 nm, and 8.29 nm, respectively. Thus, the identified novel 
lines correspond to energies of q-\3.6eV where q = 1,2,3,4,6,7,8,9, or 1 1 or 
these lines inelastically scattered by helium atoms wherein 21.2 eV was 
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observed at 45.6 nm, 37.4 nm, and 20.5 nm which do not correspond to 
hehum and increased with time. The pressure was increased from 20 
torr to 760 torr. The peaks appeared slightly more intense at the lower 
pressure; so, the pressure was decreased to 1 torr and spectra were 
recorded. 

At the 1 torr condition, additional novel peaks were observed in the 
short wavelength region. The short wavelength EUV spectrum (5-50 nm) 
of the control hydrogen microwave cell emission (bottom curve) is shown 
in Figure 3. No spectrometer artifacts were observed at the short 
wavelengths. The short wavelength EUV spectrum (5-50 nm) of the 
helium-hydrogen mixture (98/2%) microwave cell emission with a 
pressure of 1 torr (top curve) is also shown in Figure 3. Novel peaks 
were observed at 14.15 nm, 13.03 nm, 10.13™, and 8.29 nm which do not 
correspond to helium. It is also proposed that the 30.4 nm peak shown in 
Figures 2 and 3 was not entirely due to the He II transition. In the case 
of helium-hydrogen mixture, conspicuously absent was the 
25.6 nm (48.3 eV) line of He II shown in Figure 2 which implies only a minor 
He II transition contribution to the 30.4 nm peak. 

A novel 63.3 nm peak was observed in the EUV spectrum (50- 65 nm) 
of the helium-hydrogen mixture (98/2%) glow discharge cell emission 
shown ,n Figure 4. As shown in Figures 5 and 6, the ratio of the L/J peak 
to the 91.2 nm peak of the helium-hydrogen microwave plasma was 2- 
whereas, the ratio of the Lfi peak to the 91.2 nm peak of the control 
hydrogen microwave plasma was 8 which indicates that the majority of 
the 91.2 nm peak was due to a transition other than the binding of an 
electron by a proton. Based on the intensity, it is proposed that the 
majority of the 91.2 nm peak was due to a novel peak. 

The novel peaks fit two empirical relationships. In order of energy, 
the set comprising the peaks at 91.2 nm, 45.6 nm, 30.4 nm, 13.03 nm, 10.13 nm ' 
and 8.29 nm correspond to energies of <?13.6eV where ^ = 1,2,3,7,9, or 11. In 
order of energy, the set comprising the peaks at 63.3 nm, 37.4 nm, 205 nm 
and 14.15 nm correspond to energies of q 13.6-21.21 eV where ^ = 3,4,6, or 8. 
These lines can be explained as electronic transitions to fractional 
Rydberg states of atomic hydrogen given by Eqs. (2a) and (2c) wherein 
the catalytic system involves helium ions because the second ionization 
energy of helium is 54.417 eV, which is equivalent to 2-27.2 eV. In this 
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ultrahigh purity grade or higher. Each noble gas-hydrogen mixture 
(95/5%) was premixed. The gas pressure inside the cell was maintained 
at about 300 mtorr with a gas flow rate of 9.4 seem that was controlled 
by a 0-20 seem range mass flow controller (MKS 1 179A21CS1BB) with a 
readout (MKS type 246). The cell pressure was monitored by a 0-10 torr 
MKS Baratron absolute pressure gauge. 

No increase in temperature was observed when the mixture 
containing 5% hydrogen replaced pure krypton or xenon plasmas. In 
contrast, with the switch from a pure helium plasma to the mixture with 
5% hydrogen at 40 W input and with forced air cooling, the quartz wall 
was observed to begin to melt after about 90 seconds. Whereas, the 
helium alone plasma run under identical conditions had a maximum 
temperature rise to 186 °C at 90 seconds. Thus, to achieve a higher 
control temperature to give greater analytical accuracy, the temperature 
rise of the inside of the cell was measured for 90 seconds with helium at 
40 W input. The input power was stopped, and a cooling curve was 
measured. Then the experiment was repeated with the helium-hydrogen 
mixture (95/5%) run at 40 W for only 60 seconds to prevent the cell from 
melting. In additional controls, noncatalysts krypton or xenon replaced 
helium. 

III. RESULTS AND DISCUSSION 
A. EUV Spectroscopy 

The EUV emission was recorded from microwave and glow 
discharge plasmas of hydrogen, helium, and helium with 2% hydrogen 
over the wavelength range 5-125 nm. In the case of hydrogen, no peaks 
were observed below 78n/n, and no spurious peaks or artifacts due to the 
grating or the spectrometer were observed. Only known He I and He II 
peaks were observed in the EUV spectra of the control helium microwave 
or glow discharge cell emission. 

The EUV spectra (15-50wn) of the microwave cell emission of the 
helium-hydrogen mixture (98/2%) that was recorded at 1, 24, and 72 
hours and the helium control (dotted curve) is shown in Figure 2. 
Ordinary hydrogen has no emission in these regions. Novel peaks were 
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through a 1.6 mm thick UV-grade sapphire window with a 1.5 cm view 
diameter. The discharge was carried out under static gas conditions with 
a DC voltage of about 275 V which produced about 0.2 A of current. The 
plasma emission from the glow discharges was fiber-optically coupled 
through a 220F matching fiber adapter to a high resolution visible 
spectrometer with a resolution of ±0.025 nm over the spectral range 
190-860 nm. The entrance and exit slits were set to 20 ym. The 
spectrometer was scanned between 656-657 nm using a 0.01 step size. 
The signal was recorded by a PMT with a stand alone high voltage power 
supply (950 V) and an acquisition controller. The data was obtained in a 
single accumulation with a 1 second integration time. 

T e was measured on microwave plasmas of helium alone and 

helium-hydrogen mixtures (90/10%) from the ratio of the intensity of the 
He 501.6 nm (upper quantum level n=3) line to that of the He 492.2 nm 
(n=4) line as described by Griem [29]. In each case, the microwave 
plasma cell was run under the conditions given in section A, except that 
the total pressure was 0.1 torr. The visible spectrum was recorded with 
the normal incidence EUV spectrometer as described section A excepts 
that visible spectrum (400 - 560 nm) of the cell emission was recorded with 
a photomultiplier tube (PMT) and a sodium salicylate scintillator. The 
PMT (Model R1527P, Hamamatsu) used has a spectral response in the 
range of 185-680 with a peak efficiency at about 400 nm. The scan 
interval was 0.4 nm. The inlet and outlet slit were 300 fim with a 
corresponding wavelength resolution of 2nm. The spectra were repeated 
five times per experiment and were found to be reproducible within less 
than 5%. 

C. Power balance measurements 

The power balances of microwave plasmas of helium, krypton, and 
xenon alone and each noble gas with 5% hydrogen were determined by 
heat loss calorimetry [30] in the cell described in section A. A K-type 
thermocouple (±0.1 °C) housed in a stainless steel tube was placed axially 
inside the center of the 10 cm 3 plasma volume of the quartz microwave 
cell. The thermocouple was read at 0.2 second intervals with a 
multichannel computer data acquisition system. The gas in each case was 
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(Evenson cavity). The microwave generator was an Opthos model MPG- 
4M generator (Frequency: 2450 MHz). The input power to the plasma 
was set at 85 watts with forced air cooling of the cell. 

The spectrometer was a normal incidence McPherson 0.2 meter 
monochromator (Model 302, Seya-Namioka type) equipped with a 1200 
lines/mm holographic grating with a platinum coating. The wavelength 
region covered by the monochromator was 5-560wn. The EUV spectrum 
was recorded with a channel electron multiplier (CEM) at 2500-3000 V. 
The wavelength resolution was about 0.02 nm (FWHM) with an entrance 
and exit slit width of 50 jjm. The increment was 02 nm and the dwell time 
was 500 ms. Novel peak positions were based on a calibration against the 
known He I and He II lines. 

To achieve higher sensitivity at the shorter EUV wavelengths, the 
light emission from a helium microwave plasma and a glow discharge 
plasma of a helium-hydrogen mixture (98/2%) maintained according to 
the methods given previously [9] were recorded with a McPherson 4° 
grazing incidence EUV spectrometer (Model 248/3 10G) equipped with a 
grating having 600 G/mm with a radius of curvature of ~lm. The angle 
of incidence was 87°. The wavelength region covered by the 
monochromator was 5-65/im. The wavelength resolution was about 
0.04 nm (FWHM) with an entrance and exit slit width of 300 \m. A channel 
electron multiplier (CEM) at 2400 V was used to detect the EUV light. The 
increment was 0.1 nm and the dwell time was 1 ^. 

B. Line broadening and T e measurements 

The width of the 656.2 nm Balmer a line emitted from glow 
discharge plasmas having atomized hydrogen from pure hydrogen alone 
or with a mixture of 10% hydrogen and helium at 2 torr total pressure 
was measured according to the methods given previously [13]. The 
plasmas were maintained in a cylindrical stainless steel gas cell (9.21 cm 
in diameter and 14.5 cm in height) with an axial hollow cathode glow 
discharge electrode assembly comprised a stainless steel plate (4.2 cm 
diameter, 0.9 mm thick) anode and a circumferential stainless steel 
cylindrical frame (5.1 cm OD, 7.2 cm long) perforated with evenly spaced 
1 cm diameter holes. The emission was viewed normal to the cell axis 
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related studies that support the possibility of a novel reaction of atomic 
hydrogen which produces a chemically generated or assisted plasma and 
produces novel hydride compounds include extreme ultraviolet (EUV) 
spectroscopy [9-14, 17-21], characteristic emission from catalysis and the 
hydride ion products [11-12], lower-energy hydrogen emission [7, 9-10], 
plasma formation [11-14, 17-18, 20-21], Balmer a line broadening [15], 
anomalous plasma afterglow duration [20-21], power generation [13-17, 
28], and analysis of chemical compounds [22-28]. We report that 
microwave and glow discharges of helium-hydrogen mixtures were 
studied by extreme ultraviolet (EUV) spectroscopy to search for line 
emission from transitions to fractional Rydberg states of atomic 
hydrogen. Since the electronic transitions are very energetic, Balmer a 
line broadening and an elevated electron temperature were anticipated 
and were measured. Since the second ionization energy of He* is an exact 
multiple of the potential energy of atomic hydrogen and microwave 
plasmas may have significant concentrations of He* as well as atomic 
hydrogen, fast kinetics observable as heat may be possible. Thus, power 
balances of microwave plasmas of helium-hydrogen mixtures were also 
measured. 

II. EXPERIMENTAL 

A- EUV Spectroscopy 

EUV spectroscopy was recorded on hydrogen, helium, and helium- 
hydrogen (98/2%) microwave and glow discharge plasmas according to 
the methods given previously [9]. The glow discharge experimental set 
up was given previously [9]. The experimental set up comprising a 
microwave discharge gas cell light source and an EUV spectrometer which 
was differentially pumped is shown in Figure 1. Helium-hydrogen 
(98/2%) gas mixture was flowed through a half inch diameter quartz tube 
at 1 torr, 20 torr, or 760 torr. The gas pressure inside the cell was 
maintained by flowing the mixture while monitoring the pressure with a 
10 torr and 1000 torr MKS Baratron absolute pressure gauge. By the 
same method, the hydrogen alone and helium alone plasmas were run at 
20 torr. The tube was fitted with an Opthos coaxial microwave cavity 
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increase in the temperature of the system. Some commercial phosphors 

are based on nonradiative energy transfer involving multipole coupling. 

For example, the strong absorption strength of Sb 3 * ions along with the 

efficient nonradiative transfer of excitation from Sb 3+ to Mn 2+ , are 

responsible for the strong manganese luminescence from phosphors 

containing these ions [2]. 

We propose that atomic hydrogen may undergo a catalytic reaction 

with certain atomized elements and ions which singly or multiply ionize 

at integer multiples of the potential energy of atomic hydrogen, m*21.2eV 

wherein m is an integer. The theory was given previously [3-8]. The 

reaction involves a nonradiative energy transfer to form a hydrogen 

atom that is lower in energy than unreacted atomic hydrogen that 

corresponds to a fractional principal quantum number. That is 
111 1 . 

" = ->-,->. .»-; p is an integer (2c) 
2 3 4 p 

replaces the well known parameter n = integer in the Rydberg equation for 

hydrogen excited states. The n~\ state of hydrogen and the n = — - — 

integer 

states of hydrogen are nonradiative, but a transition between two 
nonradiative states is possible via a nonradiative energy transfer, say 
n = l to n-l/2. In these cases, during the transition the electron couples 
to another electron transition, electron transfer reaction, or inelastic 
scattering reaction which can absorb the exact amount of energy that 
must be removed from the hydrogen atom to cause the transition. Thus, 
a catalyst provides a net positive enthalpy of reaction of m-27.2eV (i.e. it 
absorbs m-27.2eV where m is an integer). Certain atoms or ions serve as 
catalysts which resonantly accept the nonradiative energy transfer from 
hydrogen atoms and release the energy to the surroundings to affect 
electronic transitions to fractional quantum energy levels. As a 
consequence of the nonradiative energy transfer, the hydrogen atom 
becomes unstable and emits further energy until it achieves a lower- 
energy nonradiative state having a principal energy level given by Eqs. 
(2a) and (2c). 

A number of independent experimental observations lead to the 
conclusion that atomic hydrogen can exist in fractional quantum states 
that are at lower energies than the traditional "ground" (« = 1) state. Prior 
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L INTRODUCTION 



J. J. Balmer showed in 1885 that the frequencies for some of the 
lines observed in the emission spectrum of atomic hydrogen could be 
expressed with a completely empirical relationship. This approach was 
later extended by J. R. Rydberg, who showed that all of the spectral lines 
of atomic hydrogen were given by the equation: 



v = 



*M1 

\ n f n J 



(1) 



where /? = 109,677 cm~\ n f = 1,2,3,..., *. = 2,3,4,..., andn i >n f . 

Niels Bohr, in 1913, developed a theory for atomic hydrogen that 
gave the energy levels in agreement with Rydberg's equation. An 
identical equation, based on a totally different theory for the hydrogen 
atom, was developed by E. Schrodinger, and independently by W. 
Heisenberg, in 1926. 

^ ._]3j9gg (2a) 
n 2 %7t£ 0 a H n 

n = 1,2,3,... (2b) 
where a H is the Bohr radius for the hydrogen atom (52.947pm), e is the 
magnitude of the charge of the electron, and e Q is the vacuum 

permittivity. 

The excited energy states of atomic hydrogen are given by Eq. (2a) 
for n > 1 in Eq, (2b). The n = 1 state is the "ground" state for "pure" photon 
transitions (the n = l state can absorb a photon and go to an excited 
electronic state, but it cannot release a photon and go to a lower-energy 
electronic state). However, an electron transition from the ground state 
to a lower-energy state may be possible by a nonradiative energy 
transfer such as multipole coupling or a resonant collision mechanism.. 

Processes that occur without photons and that require collisions are 
common. For example, the exothermic chemical reaction of // + //to form 
H 2 does not occur with the emission of a photon. Rather, the reaction 
requires a collision with a third body, M, to remove the bond energy- 
H + H + M->H 2 + M* [1]. The third body distributes the energy from the 
exothermic reaction, and the end result is the H 2 molecule and an 
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Spectroscopic Identification of Transitions of Fractional 
Rydberg States of Atomic Hydrogen 

R. L. Mills/ P. Ray, B. Dhandapani, M. Nansteel, X. Chen, J. He 
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ABSTRACT 

Extreme ultraviolet (EUV) spectroscopy was recorded on microwave discharges of 
helium with 2% hydrogen. Novel emission lines were observed with energies of <?13.6 eV 
where q = 1,2,3,4,6,7,8,9, or 1 1 or these lines inelastically scattered by helium atoms wherein 
21.2 eV was absorbed in the excitation of He (Is 2 ) to He(U l 2p l ). These lines can be 
explained as fractional Rydberg states of atomic hydrogen. Such transitions would be extremely 
energetic; so, the width of the 656.2 nm Balmer a line emitted from glow discharge plasmas and 
the electron temperature T e and the gas temperature of microwave plasmas were measured. The 

average hydrogen atom temperature of the helium-hydrogen plasma was 33-38 eV versus 
« 3 eV for pure hydrogen. Similarly, T e for helium-hydrogen was 28,000 K compared to 6800 

K for pure helium. With a microwave input power of 40 W 9 the thermal output power was 
estimated to be 238 + 8 W based the rise of the plasma gas temperature from room temperature to 
1240 °C within 60 seconds compared to 186°C for helium alone. The corresponding power 
density was 24 MW7/n\ and the energy balance of at least -3 X 10 5 kJImole H 2 was high 
compared to the enthalpy of combustion of hydrogen of -241.8 kJImole H 2 . 

Key Words: hydrogen catalysis, fractional hydrogen Rydberg states, Balmer a line broadening, 
electron temperature 
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Figure 1. The EUV spectra (17.5-50 nm) of the microwave cell 
emission of the helium-hydrogen mixture (98/2%) (top curve) recorded 
at 20 Torr with a normal incidence EUV spectrometer and a CEM, and 
control helium (bottom curve) recorded at 20 Torr with a 4° grazing 
incidence EUV spectrometer and a CEM. Only known He I and He II 
peaks were observed with the helium control. Reproducible novel 
emission lines were observed at 45.6 nm and 30.4 nm with energies of 
4-13.6eV where q = 2or3 (Eqs. (2a, 2c)) and at 37.4 nm and 20.5 with 
energies of <?13.6eV where q = 4or§ that were inelastically scattered by 
helium atoms wherein 21.2 eV was absorbed in the excitation of He (Is 2 ) to 
He(ls ] 2p l ) as proposed in Eq. (8). 

Figure 2. The short wavelength EUV spectra (5-65 nm) of the 
microwave cell emission of the helium-hydrogen mixture (98/2%) (top 
curve) and control hydrogen (bottom curve) recorded at 1 Torr with a 
normal incidence EUV spectrometer and a CEM. No hydrogen emission 
was observed in this region, and no instrument artifacts were observed. 
Reproducible novel emission lines were observed at 45.6 nm, 30.4 nm, 
13.03 nm, 10.13 nm, and 8.29 nm with energies of ql3.6eV where 
9 = 2,3,7,9, or 11 and at 37.4 nm, 20.5 nm, and 14.15 nm with energies of 
ql3.6eV where q- 4,6, or 8 that were inelastically scattered by helium 
atoms wherein 21.2 eV was absorbed in the excitation of He (Is 2 ) to 
He(ls ] 2p*) as proposed in Eq. (8). 

Figure 3. The 656.2 nm Balmer a line width recorded with a high 
resolution (±0.006 nm) visible spectrometer on a helium-hydrogen 
(90/10%) and a hydrogen microwave discharge plasma. Significant 
broadening was observed corresponding to an average hydrogen atom 
temperature of 180- 210 eV. 

Figure 4. The plasma gas temperature rise as a function of time for 
helium alone and the helium-hydrogen mixture (90/10%) with 
microwave input power set at 40 W. The maximum temperature of the 
helium-hydrogen mixture and the helium alone plasma was 1200°C and 
185°C, respectively. The thermal output power of the helium-hydrogen 
plasma was estimated to be 400 W. 
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4. Conclusion 



We report that novel emission lines were observed with energies of 
q 13.6 eV where ^ = 1,2,3,4,6,7,8,9,11 or these lines inelastically scattered by 
helium atoms wherein 21.2 eV was absorbed in the excitation of He (Is 2 ) to 
He(ls l 2p l ). These lines were identified as transitions to fractional 
Rydberg states of atomic hydrogen. An extremely high hydrogen-atom 
temperature of 180-210 eV was observed with the presence of helium ion 
catalyst only with hydrogen also present. Similarly, the average electron 
temperature for helium-hydrogen plasma was high, 28,000 K, compared 
to 6800 K for helium alone. An estimate of the thermal power was 400 W 
in 10 cm 3 . 
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Gigosos et al. [23] have reviewed the literature and have discussed the 
limitations of this method. The average helium-hydrogen Doppler half- 
width of 0.52 ± 5% nm was not appreciably changed with pressure. The 
corresponding energy of 180-210eV and the number densities of 
5 X 10 14 ±20% atoms/ cm 3 , depending on the pressure, were significant 
compared to only ~3eV and 7 X 10 n atoms I cm 3 for pure hydrogen even 
though 10 times more hydrogen was present. Only -3eV broadening was 
observed with xenon-hydrogen (98/2%) ruling out collisional broadening. 

Similarly, the average electron temperature for helium-hydrogen 
plasma was 28,000±5%A\ Whereas, the corresponding temperature of 
helium alone was only 6800±5%/f, and hydrogen alone was 550015% A\ 
No high electric field was present in our experiments. Thus, the results 
can not be explained by Stark broadening or acceleration of charged 
species due to high fields of over 10 kV /cm as proposed by Videnocic et al. 
[19] to explain excessive broadening observed in glow discharges. 

C. Gas temperature measurements 

No increase in temperature was observed with the addition of 
hydrogen to xenon control. In contrast, the plasma gas temperature 
increased from room temperature to 1200°C within 150 seconds for 
helium-hydrogen compared to only 185°C for helium alone as shown in 
Figure 4. 

A conservative estimate of the total output power was determined 
by taking the ratio of the areas of the helium-hydrogen temperature- 
rise-above-ambient-versus-time curve compared to that of helium only, 
10, multiplied by the common input. Thus, with a microwave input 
power of 40 W, the thermal output power was estimated to be 400 W . A 
second estimate of the power from the 10 cm 3 plasma volume based on 
the Stefan-Boltzmann equation using an emissivity of 0.5 and a measured 
wall temperature of 1200°C was at least 400 W. Since the hydrogen flow 
rate was 1 seem, an estimate of the corresponding energy balance was 
over -5 X 10 5 kJ I mole H 2 compared to the enthalpy of combustion of 
hydrogen of -241.8 fc//mo/e// 2 . 
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peaks. The general reaction is 

photon {hv)+He (Is 2 ) -» He (\ s ] 2 p ] ) + photon (hv - 21.21 eV) (8) 
The two empirical series may be combined — one directly from Eqs. 
(2a, 2c) and the other indirectly with Eq. (8). The energies for the novel 
lines in order of energy are 13.6 eV, 27.2 eV, 40.8 eV, 54.4 eV, 81.6 eV, 95.2 eV, 
108.8 eV, 122.4 eV and 149.6 eV . The corresponding peaks are 91.2 nm, 
45.6 nm, 30.4 nm, 37.4 nm, 20.5 wn, 13.03 nm, 14.15 nm, 10.13 wn, and 8.29 nm, 
respectively. Thus, the identified novel lines correspond to energies of 
q \Z.6eV where q = 1,2,3,4,6,7,8,9,11 or these lines inelastically scattered by 
helium atoms wherein 21.2 eV was absorbed in the excitation of He (Is 2 ) to 
He{\s ] 2p ] ). The values of q observed are consistent with those excepted 
based on Eq. (5) and the subsequent autocatalyzed reactions as discussed 
previously [6]. The satellite peak at 442 nm show in Figure 1 and 2 may 
be due to multipole coupling as discussed elsewhere [12]. There is 
remarkable agreement between the data and the proposed transitions to 
fractional Rydberg states and these lines inelastically scattered by helium 
according to Eq. (8). All other peaks could be assigned to He I, He II, 
second order lines, or atomic or molecular hydrogen emission. No known 
lines of helium or hydrogen explain the ql3.6eV related set of peaks. 

Since its ionization energy is 27.63 eV, Ar + may also serve as a 
catalyst by providing a net enthalpy of an integer multiple of the 
potential energy of atomic hydrogen. In recent argon-hydrogen plasma 
experiments, to be reported, lines with energies of q-13.6eV where 
q = 7,9,11 were observed without the lines assigned in Figures 1-2 to 
helium inelastic scattering. This supports the present assignment of the 
helium scattered lines. Furthermore, hydrogen scattered lines were not 
expected since the gas was helium-hydrogen (98/2%). 

B. Line broadening and T measurements 

The Doppler-broadened line shape for atomic hydrogen has been 
studied on many sources such as hollow cathode [19-20] and rf [21-22] 
discharges. The method of Videnocic et al. [19] was used to calculate the 
energetic hydrogen atom densities and energies from the width of the 
656.2 nm Balmer a line emitted from the hydrogen and helium- 
hydrogen mixture (90/10%) microwave plasmas shown in Figure 3. 
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lines can be explained as electronic transitions to fractional Rydberg 
states of atomic hydrogen given by Eqs. (2a) and (2c) wherein the 
catalytic system involves helium ions because the second ionization 
energy of helium is 54.417 eV, which is equivalent to 2 -27.2 eV. In this 
case, 54.417 eV is transferred nonradiatively from atomic hydrogen to He* 
which is resonantly ionized. The electron decays to the « = l/3 state with 
the further release of 54.417 eV which may be emitted as a photon. The 
catalysis reaction is 

54.4 17 e V + He* + H[a H ] -> He 1 * +e' + |^-J + 1 08.8 e V ( 3 ) 

He 2 * + e~ -*He*+ 54.417 eV (4) 
And, the overall reaction is 

H[a H ]-> 54.4 eV+ 54.4 eV (5) 

Since the products of the catalysis reaction have binding energies of 
m-27.2eV, they may further serve as catalysts. Thus, further catalytic 

transitions may occur: /i = --»— , — -»-, and so on. 

3 4 4 5 

Electronic transitions to Rydberg states given by Eqs. (2a) and (2c) 
catalyzed by the resonant nonradiative transfer of m-21.2eV would' give 
rise to a series of emission lines of energies q\3.6eV where q is an 
integer. It is further proposed that the photons that arise from hydrogen 
transitions may undergo inelastic helium scattering. That is, the catalytic 
reaction 

H M— ^ #|^] + 54.4 e V + 54.4 eV (6) 

yields 54.4 eV by Eq. (4) and a photon of 54.4 eV (22.8 nm). Once emitted, 
the photon may be absorbed or scattered. When this photon strikes 
He (Is 2 ), 21.2 eV may be absorbed in the excitation to He (\s*2p l ). This 
leaves a 33.19eV (37.4 wn) photon peak and a 21.2 eV (58.4 nm) photon from 
//e(lj'2p'). Thus, for helium the inelastic scattered peak of 54.4 eV 
photons from Eq. (3) is given by 

£ = 54.4eV-21.21eV = 33.19<?V (37.4nm) (7) 
A novel peak shown in Figures 1 and 2 was observed at 37.4 nm. 
Furthermore, the intensity of the 58.4 nm peak corresponding to the 
spectra shown in Figure 2 was about 60,000 photons/sec. Thus, the 
transition He (Is 2 ) ^> He (Is 1 2^) dominated the inelastic scattering of EUV 
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3. Results and discussion 
A. EUV Spectroscopy 

In the case of the EUV spectrum of hydrogen, xenon, or xenon- 
hydrogen (98/2%), no peaks were observed below 78 nm, and no spurious 
peaks or artifacts due to the grating or the spectrometer were observed. 
Only known He I and He II peaks were observed in the EUV spectrum of 
the control helium microwave discharge cell emission. 

The EUV spectra (17.5-50 wn) of the microwave cell emission of the 
helium-hydrogen mixture (98/2%) (top curve) and the helium control 
(bottom curve) are shown in Figure 1. Ordinary hydrogen has no 
emission in these regions. Novel peaks were observed at 45.6 nm, 37.4 nm, 
and 20.5 nm which do not correspond to helium. At the 1 Torr condition, 
additional novel peaks were observed in the short wavelength region 
(5-65 nm) at 14.15 nm, 13.03 nm, 10.13 nm, and 8.29 nm which do not 
correspond to helium as shown in Figure 1. Known He I lines which were 
used for calibration of the novel peak positions were observed at 58.4 nm, 
53.7 nm, and 52.4 nm. It is proposed that the 30.4 nm peak shown in Figures 
1 and 2 was not entirely due to the He II transition. In the case of the 
helium-hydrogen mixture, the ratio of 30.4 nm (40.8 eV) peak to the 
25.6 nm (48.3 eV) was 10 compared to 5.4 for helium alone as shown in 
Figure 1 which implies only a minor He II transition contribution to the 
30.4 nm peak. 

It is proposed that the majority of the 91.2 nm peak was also due to 
a novel transition. At 20 Torr, the ratio of the Lyman p peak to the 
91.2 nm peak of the helium-hydrogen plasma was 2 compared to 8 for 
each control hydrogen and xenon-hydrogen plasma which indicates that 
the majority of the 91.2 nm peak was due to a transition other than the 
binding of an electron by a proton. 

The novel peaks fit two empirical relationships. In order of energy, 
the set comprising the peaks at 91.2 nm, 45.6 nm, 30.4 nm, 13.03 nm, 10.13 nm, 
and 8.29nm correspond to energies of q • 13.6 eV where <j = 1,2,3,7,9,11. In 
order of energy, the set comprising the peaks at 37.4 nm, 20.5 nm, and 
14.15nm correspond to energies of ^13.6-21.21 eV where ^ = 4,6,8. These 




covered the region 2-560wn. The EUV spectrum was recorded with a 
CEM. The wavelength resolution was about 0.02 nm (FWHM) with slit 
widths of 50 fim. The increment was 0.2 nm and the dwell time was 500 ms. 
Peak assignments were based on a calibration against the known He I 
and He II lines. 

To achieve higher sensitivity at the shorter EUV wavelengths, the 
light emission from plasmas of helium alone was recorded with a 4° 
grazing incidence EUV spectrometer equipped with a grating having 600 
G/mm with a radius of curvature of =lm that covered the region 
5-65nm. The angle of incidence was 87°. The resolution was about 
0.04 nm (FWHM) with slit widths of 300 /im. A CEM was used to detect the 
EUV light. The increment was 0.1 nm and the dwell time was Is. 

The width of the 656.2 nm Balmer a line emitted from hydrogen 
alone, xenon-hydrogen mixture (90/10)%, and helium-hydrogen mixture 
(90/10)% microwave discharge plasmas was measured with a high 
resolution visible spectrometer capable of a resolution of ±0.006 nm [16]. 
In this case, the total pressure was 1 Torr, and the input power to the 
plasma was set at 40 W. 

T e was measured on 0.1 Torr microwave plasmas of helium alone 

and helium-hydrogen mixtures (90/10%) from the ratio of the intensity 
of the He 501.6 nm (upper quantum level n=3) line to that of the He 
492.2 nm (n=4) line as described by Griem [17]. T e was measured on 

hydrogen alone plasmas from their Balmer line intensities. The visible 
spectrum 400- 560 nm was recorded with the normal incidence EUV 
spectrometer using a PMT and a sodium salicylate scintillator. 

In order to estimate the power of the cell as described previously 
[18], the gas temperature of microwave plasmas of helium and xenon 
alone and each noble gas with 10% hydrogen was recorded using a K-type 
thermocouple (±0.1 °C) housed in a stainless steel tube that was placed 
axially inside the center of the 10 cm 3 plasma volume of the quartz 
microwave cell. At 40 W input with forced air cooling, the temperature 
rise was measured for 150 s then stopped, and the cooling curve was 
measured. The pressure of the ultrahigh pure gas inside the cell was 
maintained at about 300 mTorr with a noble gas flow rate of 9.3 seem or 
a noble gas flow rate of 8.3 seem and a hydrogen flow rate of 1 seem 
controlled by a mass flow controller. 
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states of hydrogen are nonradiative, but a transition between two 
nonradiative states is possible via a nonradiative energy transfer, say 
n = l to n = l/2. Thus, a catalyst provides a net positive enthalpy of 
reaction of m-27.2eV (i.e. it resonantly accepts the nonradiative energy 
transfer from hydrogen atoms and releases the energy to the 
surroundings to affect electronic transitions to fractional quantum energy 
levels). As a consequence of the nonradiative energy transfer, the 
hydrogen atom becomes unstable and emits further energy until it 
achieves a lower-energy nonradiative state having a principal energy 
level given by Eqs. (2a) and (2c). 

Prior related studies that support the possibility of a novel reaction 
of atomic hydrogen which produces hydrogen in fractional quantum 
states that are at lower energies than the traditional "ground" (« = 1) state 
include EUV spectroscopy [6-12], characteristic emission from catalysts 
and the hydride ion products [8], lower-energy hydrogen emission [6-8, 
12], chemically formed plasmas [8-11], Balmer a line broadening [12-13], 
anomalous plasma afterglow duration [11], power generation [9, 13-14], 
and analysis of novel chemical compounds [15]. We report that 
microwave discharges of helium-hydrogen mixtures were studied by EUV 
spectroscopy to search for line emission from transitions to fractional 
Rydberg states of atomic hydrogen. Since the electronic transitions are 
very energetic, Balmer a line broadening, electron temperature, and the 
gas temperature were measured. 

2. Experimental 

EUV spectroscopy was recorded on hydrogen, xenon, helium, xenon- 
hydrogen (98/2%), and helium-hydrogen (98/2%) microwave discharge 
plasmas (Frequency: 2450 MHz) according to the methods given 
previously [6]. A xenon-hydrogen (98/2%) or helium-hydrogen (98/2%) 
gas mixture was flowed at 1 Torr or 20 Torr through a half inch diameter 
quartz tube fitted with an Evenson cavity, and each plasma of hydrogen, 
xenon, and helium alone was run at 20 Torr. The input power to the 
plasma was set at 85 W with forced air cooling of the cell. The 
spectrometer was a normal incidence 0.2 m monochromator equipped 
with a 1200 lines/mm holographic grating with a platinum coating that 
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1. Introduction 

J. R. Rydberg showed that all of the spectral lines of atomic 
hydrogen were given by a completely empirical relationship: 

(1) 

where /? = 109,677 cm'\ n f = 1,2,3, =2,3,4,... and n i >n f . Bohr, Schrodinger, 
and Heisenberg each developed a theory for atomic hydrogen that gave 
the energy levels in agreement with Rydberg's equation. 

B,.-r*—22Z* (2a) 

« = 1,2,3,... (2b) 
The excited energy states of atomic hydrogen are given by Eq. (2a) 
for n>\ in Eq. (2b). The n = l state is the "ground" state for "pure" photon 
transitions (i.e. the n = l state can absorb a photon and go to an excited 
electronic state, but it cannot release a photon and go to a lower-energy 
electronic state). However, an electron transition from the ground state 
to a lower-energy state may be possible by a resonant nonradiative 
energy transfer such as multipole coupling or a resonant collision 
mechanism. Processes such as hydrogen molecular bond formation that 
occur without photons and that require collisions are common [1]. Also, 
some commercial phosphors are based on resonant nonradiative energy 
transfer involving multipole coupling [2]. 

We propose that atomic hydrogen may undergo a catalytic reaction 
with certain atoms and ions such as Z/e + which singly or multiply ionize at 
integer multiples of the potential energy of atomic hydrogen, /n-27.2eV 
wherein m is an integer. The theory was given previously [3-5], The 
reaction involves a nonradiative energy transfer to form a hydrogen 
atom that is lower in energy than unreacted atomic hydrogen that 

corresponds to a fractional principal quantum number. That is 

111 1 f0n ^ 
* = -,-,-,...,— ; p is an integer (2c) 
2 3 4 p 

replaces the well known parameter n = integer in the Rydberg equation for 
hydrogen excited states. The n = l state of hydrogen and the n = - n J 
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New Power Source from Fractional Rydberg States of Atomic 

Hydrogen 



R. L. Mills, P. Ray, B. Dhandapani, M. Nansteel, X. Chen, J. He 

BlackLight Power, Inc. 
493 Old Trenton Road 
Cranbury, NJ 08512 



ABSTRACT 

Extreme ultraviolet (EUV) spectroscopy was recorded on microwave discharges of 
helium with 2% hydrogen. Novel emission lines were observed with energies of q l3.6eV 
where q = 1,2,3,4,6,7,8,9,11 or these lines inelastically scattered by helium wherein 21.2 eV 
was absorbed in the excitatfon of He (Is 2 ) to He(\s x 2p x ). The average hydrogen atom 
temperature was measured to be 180-210 eV versus ~ 3 eV for pure hydrogen. The electron 
temperature T e for helium-hydrogen was 28,000 K compared to 6800 K for pure helium. With a 

microwave input power of 40 W, the gas temperature of the plasma was measured to be 1200°C 
after 150 s compared to 185°C for helium alone. 
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Table U. The binding energies of XPS peaks of K 2 CQ 3 and the KHKHCO, electrolytic cell 
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Table HI. The NMR peaks of the KHKHCQ 3 electrolytic cell sample with their assignments. 
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a small shoulder is observed on the -12.05 peak 
which is the side band of the +5.066 peak 
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Table IV. Alkali emission lines recorded on plasma electrolysis cells. 
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Comparison of Excessive Balmer a Line Broadening of Glow 
Discharge and Microwave Hydrogen Plasmas with Certain 

Catalysts 

R. L. Mills, P. Ray, B. Dhandapani, J. He 

BlackLight Power, Inc. 
493 Old Trenton Road 
Cranbury, NJ 08512 

ABSTRACT 

From the width of the 656.2 nm Balmer a line emitted from microwave and glow 
discharge plasmas, it was found that a strontium-hydrogen microwave plasma showed a 
broadening similar to that observed in the glow discharge cell of 27-33 eV\ whereas, in both 
sources, no broadening was observed for magnesium-hydrogen. Microwave helium-hydrogen 
and argon-hydrogen plasmas showed extraordinary broadening corresponding to an average 
hydrogen atom temperature of 1 10 - 130 eV and 180 -210 eV, respectively. The corresponding 
results from the glow discharge plasmas were 30-35 eV and 33-38 eV, respectively, 
compared to -4eV for plasmas of pure hydrogen, neon-hydrogen, krypton-hydrogen, and 
xenon-hydrogen maintained in either source. Similarly, the average electron temperature T e for 

helium-hydrogen and argon-hydrogen microwave plasmas were high, 28, 000 ± 5% K and 
11,600±5% A\ respectively; compared to 6800 ±5% K and 4800 ±5% K for helium and 
argon alone, respectively. Stark broadening or acceleration of charged species due to high fields 
can not explain the microwave results since no high field was present. Rather, a resonant energy 
transfer mechanism is proposed. 

Key Words: microwave plasma, glow discharge plasma, significant line broadening, electron 
temperature, resonant energy transfer mechanism 
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I. INTRODUCTION 



Glow discharge devices have been developed over decades as light 
sources, ionization sources for mass spectroscopy, excitation sources for 
optical spectroscopy, and sources of ions for surface etching and 
chemistry [1-3]. A Grimm-type glow discharge is a well established 
excitation source for the analysis of conducting solid samples by optical 
emission spectroscopy [4-6]. Despite extensive performance 
characterizations, data was lacking on the plasma parameters of these 
devices. M. Kuraica and N. Konjevic [7] and Videnocic et al. [8] have 
characterized these plasmas by determining the excited hydrogen atom 
concentrations and energies from measurements of the line broadening of 
the 656.2 nm Balmer a line. The data was analyzed in terms of Stark 
and Doppler effects wherein acceleration of charges such as /T, // 2 + , and 
// 3 + in the high fields (e. g. over 10 kVI cm) which were present in the 

cathode fall region was used to explain the Doppler component. 

More recently, microhollow glow discharges have been 
spectroscopically studied as candidates for the development of an intense 
monochromatic EUV light source (e.g. Lyman a ) for short wavelength 
lithograph for production of the next generation of integrated circuits. A 
neon-hydrogen microhollow cathode glow discharge has been proposed 
as a source of predominantly Lyman a radiation. Kurunczi, Shah, and 
Becker [9] observed intense emission of Lyman a and Lyman /J radiation 
at 121.6 nm and 102.5 nm, respectively, from microhollow cathode 
discharges in high-pressure Ne (740 Torr) with the addition of a small 
amount of hydrogen (up to 3 Torr). With essentially no molecular 
emission observed, Kurunczi et al. attributed the anomalous Lyman a 
emission to the near-resonant energy transfer between the Ne 2 excimer 
and H 2 which leads to formation of H(n = 2) atoms, and attributed the 
Lyman /J emission to the near-resonant energy transfer between excited 
Ne atoms (or vibrationally excited neon excimer molecules) and H 2 
which leads to formation of H(n = 3) atoms. Despite the emission 
characterization of this source, data is lacking about plasma parameters. 

For analyses of solids, direct current (dc) glow discharge sources 
have been successfully complemented by radio-frequency (rf) discharges 
[10]. The use of dc discharges is limited to metals; whereas, rf discharges 
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are applicable to non-conducting materials. Other developed sources that 
provide a usefully intense plasma are synchrotron devices, "Inductively 
coupled plasma generators [11], and magnetically confined plasmas. 
Plasma characterization data on these sources is also limited. 

A new plasma source has been developed that operates by 
incandescently heating a hydrogen dissociator and a catalyst to provide 
atomic hydrogen and gaseous catalyst, respectively, such that the catalyst 
reacts with the atomic hydrogen to produce a plasma. It was 
extraordinary, that intense EUV emission was observed by Mills et al. 
[12-19] at low temperatures (e.g. ~10 3 K) from atomic hydrogen and 
certain atomized elements or certain gaseous ions which singly or 
multiply ionize at integer multiples of the potential energy of atomic 
hydrogen, 27.2 eV that comprise catalysts. The only pure elements that 
were observed to emit EUV were those wherein the ionization of / 
electrons from an atom to a continuum energy level is such that the sum 
of the ionization energies of the t electrons is approximately m-212eV 
where / and m are each an integer. 

Since Ar + , He + 9 and strontium each ionize at an integer multiple of 
the potential energy of atomic hydrogen, a discharge with one or more of 
these species present with hydrogen is anticipated to form a plasma 
called a resonance transfer (rt) plasma. The plasma forms by a resonance 
transfer mechanism involving the species providing a net enthalpy of a 
multiple of 27.2 eV and atomic hydrogen. 

Mills and Nansteel [14, 19] have reported that strontium atoms 
each ionize at an integer multiple of the potential energy of atomic 
hydrogen and caused emission. (The enthalpy of ionization of Sr to Sr 5+ 
has a net enthalpy of reaction of 188.2 eV, which is equivalent to m = 7.) 
The emission intensity of the plasma generated by atomic strontium 
increased significantly with the introduction of argon gas only when Ar* 
emission was observed. Whereas, no emission was observed when 
chemically similar atoms that do not ionize at integer multiples of the 
potential energy of atomic hydrogen (sodium, magnesium, or barium) 
replaced strontium with hydrogen, hydrogen-argon mixtures, or 
strontium alone. 

Mills and Nanstell [14, 19] measured the power balance of a gas cell 
having vaporized strontium and atomized hydrogen from pure hydrogen 
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or argon-hydrogen mixture (77/23%) by integrating the total light output 
corrected for spectrometer system response and energy over the visible 
range. Hydrogen control cell experiments were identical except that 
sodium, magnesium, or barium replaced strontium. In the case of 
hydrogen-sodium, hydrogen-magnesium, and hydrogen-barium mixtures, 
4000, 7000, and 6500 times the power of the hydrogen-strontium 
mixture was required, respectively, in order to achieve that same 
optically measured light output power. With the addition of argon to the 
hydrogen-strontium plasma, the power required to achieve that same 
optically measured light output power was reduced by a factor of about 
two. The power required to maintain a plasma of equivalent optical 
brightness with strontium atoms present was 8600 and 6300 times less 
than that required for argon-hydrogen and argon control, respectively. A 
plasma formed at a cell voltage of about 250 V for hydrogen alone and 
sodium-hydrogen mixtures, 140-150 V for hydrogen-magnesium and 
hydrogen-barium mixtures, 224 V for an argon-hydrogen mixture, and 
190 V for argon alone; whereas, a plasma formed for hydrogen-strontium 
mixtures and argon-hydrogen-strontium mixtures at extremely low 
voltages of about 2 V and 6.6 V, respectively. 

It was reported [13] that characteristic emission was observed from 
a continuum state of Ar 2+ which confirmed the resonant nonradiative 
energy transfer of 27.2 eV from atomic hydrogen Ar + . The transfer of 
27.2 eV from atomic hydrogen to Ar* in the presence of a electric weak 
field resulted in its excitation to a continuum state. Then, the energy for 
the transition from essentially the Ar 2 * state to the lowest state of Ar + 
was predicted to give a broad continuum radiation in the region of 
45.6 nm. This broad continuum emission was observed. This emission was 
dramatically different from that given by an argon microwave plasma 
wherein the entire Rydberg series of lines of Ar* was observed with a 
discontinuity of the series at the limit of the ionization energy of Ar + to 
Ar 2+ . The observed Ar* continuum in the region of 45.6 nm confirmed the 
rt-plasma mechanism of the excessively bright, extraordinarily low 
voltage discharge. With Ar* as the catalyst, the product hydride ion was 
predicted to have a binding energy of 3.05 eV, and it was observed 
spectroscopically at 407 nm [13]. 

He + ionizes at 54.417 eV which is 2-27.2 eV, and novel EUV emission 
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lines were observed from microwave and glow discharges of helium with 
2% hydrogen [20]. The observed energies were q l3.6eV - ^ * . 
{q- 1,2,3,4,6,7,8,9, or 11) or these energies less 21.2 eV due to inelastic 
scattering of the lines by helium atoms in the excitation of He (Is 2 ) to 
He (ls ] 2p ] ). These lines can be explained by the resonance transfer of 
m-27.2eV [20]. 

It was anticipated that microwave and glow discharges would also 
provide atomic hydrogen and vaporized catalyst to form a rt-plasma. To 
further characterize the plasma parameters observed in rt-plasmas and 
to study the difference between microwave and discharge sources, 1.) a 
comparison between the width of the Lyman a line of an argon- 
hydrogen plasma emitted from a glow discharge cell and a microwave 
cell was compared, 2.) by measuring the line broadening of the 656.2 nm 
Balmer a line, the excited hydrogen atom energy and concentration were 
determined on plasmas of hydrogen and a catalyst or plasmas comprising 
hydrogen with chemically similar controls that did not provide gaseous 
ions having electron ionization energies which are a multiple of 27.2eV, 
and 3.) the electron temperature T e was measured on microwave plasmas 

using the ratio of the intensity / of two noble gas or metal lines in two 
quantum states such as the ratio I(He 501.6 nm line)/ I(He 492.2 nm line) and 
the ratio I(Ar 104.8 nm line)/ I(Ar 420.06 nm line) for plasmas having helium 
and argon, respectively, alone or as a mixture with hydrogen. 

IL EXPERIMENTAL 

A. Measurement of Lyman a emission by EUV spectroscopy 

Extreme ultraviolet (EUV) spectroscopy was recorded on microwave 
and discharge cell light sources. Due to the extremely short wavelength 
of this radiation, "transparent" optics do not exist. Therefore, a 
windowless arrangement was used wherein the microwave or discharge 
cell was connected to the same vacuum vessel as the grating and 
detectors of the extreme ultraviolet (EUV) spectrometer. Differential 
pumping permitted a high pressure in the cell as compared to that in the 
spectrometer. This was achieved by pumping on the cell outlet and 
pumping on the grating side of the collimator that served as a pin-hole 
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inlet to the optics. The spectrometer was continuously evacuate^ to 
10"* -10" 6 torr by a turbomolecular pump with the. pressure read by a cold 
cathode pressure gauge. The EUV spectrometer was connected to the cell 
light source with a 1.5 mm X 5 mm collimator which provided a light 
path to the slits of the EUV spectrometer. The collimator also served as a 
flow constrictor of gas from the cell. The cell was operated under gas 
flow conditions while maintaining a constant gas pressure in the cell. 

Spectra were obtained on glow discharge and microwave plasmas of 
an argon-hydrogen mixture (97/3%). Each gas was ultrahigh pure. The 
gas pressure inside the cell was maintained at about 300 mtorr with an 
argon flow rate of 5.2 seem and a hydrogen flow rate of 0.3 seem. Each 
gas flow was controlled by a 0-20 seem range mass flow controller (MKS 
1179A21CS1BB) with a readout (MKS type 246). 

For spectral measurement, the light emission from discharge and 
microwave plasmas of argon-hydrogen (97/3%) was introduced to a 
normal incidence McPherson 0.2 meter monochromator (Model 302, 
Seya-Namioka type) equipped with a 1200 lines/mm holographic grating 
with a platinum coating. The wavelength region covered by the 
monochromator was 5-560 nm. The UV spectrum (100-170 nm) of the cell 
emission was recorded with a photomultiplier tube (PMT) and a sodium 
salicylate scintillator. The PMT (Model R1527P, Hamamatsu) used has a 
spectral response in the range of 185-680 nm with a peak efficiency at 
about 400 nm. The wavelength resolution was about Inm (FWHM) with an 
entrance and exit slit width of 300 jjm. The increment was 0.1 and the 
dwell time was 500 ms. 

B. Glow discharge emission spectra 

The extreme ultraviolet emission spectrum was obtained on an 
argon-hydrogen mixture (97/3%) glow discharge plasma. A diagram of 
the discharge plasma source is given in Figure 1. The experimental setup 
for the discharge measurements is illustrated in Figure 2. The cell 
comprised a five-way stainless steel cross that served as the anode with 
a hollow stainless steel cathode. The hollow cathode was constructed of a 
stainless steel rod inserted into a steel tube, and this assembly was 
inserted into an Alumina tube. The gas mixture was flowed through the 
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five-way cross. An AC power supply (U = 0 - 1 kV, 1 = 0- 100 jnA) was 
connected to the hollow cathode to generate a discharge at the hollow 
cathode inside the discharge cell. The AC voltage and current at the time 
the EUV spectrum was recorded were 200 V and 40 mA, respectively. A 
Swagelok adapter at the very end of the steel cross provided a gas inlet 
and a connection with the pumping system, and the cell was pumped 
with a mechanical pump. Valves were between the cell and the 
mechanical pump, the cell and the monochromator, and the 
monochromator and its turbo pump. A flange opposite the end of the 
hollow cathode connected the spectrometer with the cell. It had a small 
hole that permitted radiation to pass to the spectrometer. The hollow 
cathode and EUV spectrograph were aligned on a common optical axis 
using a laser. The light emission was introduced into a normal incidence 
EUV spectrometer. (See EUV-Spectroscopy section). 

C. Microwave discharge emission spectra 

The extreme ultraviolet emission spectrum was obtained on an 
argon-hydrogen mixture (97/3%) microwave discharge plasma. The 
experimental set up comprising a microwave discharge gas cell light 
source and an EUV spectrometer which was differentially pumped is 
shown in Figure 3. The gas mixture was flowed through a half inch 
diameter quartz tube fitted with an Opthos coaxial microwave cavity 
(Evenson cavity). The microwave generator was an Opthos model MPG- 
4M generator (Frequency: 2450 MHz). The input power to the plasma 
was set at 40 watts. The light emission was introduced into a normal 
incidence EUV spectrometer. (See EUV-Spectroscopy section). 

D. Measurement of hydrogen ion temperature and number 
density from Balmer line broadening 

The Doppler-broadened line shape for atomic hydrogen has been 
studied on many sources such as hollow cathode [8, 21] and rf [22-23] 
discharges. The method of Videnocic et al. [8, 25] was used to calculate 
the energetic hydrogen atom densities and energies from the width of the 
656.2 nm Balmer a line emitted from glow discharge and microwave 
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plasmas. Gigosos et al. [24] have reviewed the literature and h|ve 
discussed the limitations of this method. The full half-width" AA G of each 

Gaussian results from the Doppler (AA D ) and instrumental (AA,) half- 
widths: 

AA g =VaA 2 0 + AA 2 ; (1) 
AA, in our experiments was 0.006 nm. The temperature was calculated 
from the Doppler half-width using the formula: 

^1 (nm) (2) 

where is the line wavelength in nm, T is the temperature in K 
(1 eV = 11,605 K), and /£ is the molecular weight (=1 for hydrogen). In each 
case, the average Doppler half-width that was not appreciably changed 
with pressure varied by ±5% corresponding to an error in the energy of 
±5%. The corresponding number densities for noble gas-hydrogen 
mixtures varied by ±20% depending on the pressure. 

a. Balmer line broadening recorded on glow discharge plasmas 

The width of the 656.5 nm Balmer a line emitted from gas 
discharge plasmas having atomized hydrogen from pure hydrogen alone, 
strontium or magnesium with hydrogen, and a mixture of 10% hydrogen 
and helium, argon, neon, krypton, or xenon was measured with a high 
resolution visible spectrometer with a resolution of ±0.025 nm over the 
spectral range 190- 860 nm. The plasmas were maintained in the 
cylindrical stainless steel gas cell shown in Figure 4. 

The 304-stainless steel cell cylindrical cell was 9.21 cm in diameter 
and 14.5 cm in height. The base of the cell contained a welded-in 
stainless steel thermocouple well (1 cm OD) which housed a thermocouple 
probe in the cell interior approximately 2 cm from the discharge and 2 
cm from the cell axis. The top end of the cell was welded to a high 
vacuum 11.75 cm diameter conflat flange. A silver plated copper gasket 
was placed between a mating flange and the cell flange. The two flanges 
were clamped together with 10 circumferential bolts. The mating flange 
contained three penetrations comprising 1.) a stainless steel 
thermocouple well (1 cm OD) also housing a thermocouple probe in the 
cell interior approximately 2 cm from the discharge and 2 cm from the 
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cell axis, 2.) a centered high voltage feedthrough which transmitted the 
power, supplied through a power connector, to a hollow catKode inside 
the cell, and 3.) a stainless steel tube (0.95 cm diameter and 100 cm in 
length) welded flush with the bottom surface of the top flange that 
served as a vacuum line from the cell and the line to supply the test gas. 

The axial hollow cathode glow discharge electrode assembly 
comprised a stainless steel plate (42 mm diameter, 0.9 mm thick) anode 
and a circumferential stainless steel cylindrical frame (5.08 cm OD, 7.2 cm 
long) perforated with evenly spaced 1 cm diameter holes. The cathode 
was attached to the cell body by a stainless steel wire, and the cell body 
was grounded. 

A 1.6 mm thick UV-grade sapphire window with 1.5 cm view 
diameter provided a visible light path from inside the cell. The viewing 
direction was normal to the cell axis. 

The cell was sealed in the glove box, removed, and then evacuated 
with a turbo vacuum pump to a pressure of 4 mTorr. The gas was 
ultrahigh purity hydrogen or noble gas-hydrogen mixture (90/10%) at 2 
Torr total pressure. The pressure of each test gas comprising a mixture 
with 10% hydrogen was determined by adding the pure noble gas to a 
given pressure and increasing the pressure with hydrogen gas to a final 
pressure. The partial pressure of the hydrogen gas was given by the 
incremental increase in total gas pressure monitored by a 0-10 Torr 
absolute pressure gauge. The discharge was carried out under static gas 
conditions. The discharge was started and maintained by a DC electric 
field supplied by a constant voltage DC power supply at 275 V which 
produced a current of about 0.2 A. In the case of strontium-hydrogen, 
helium-hydrogen, and argon-hydrogen plasmas, the voltage was 
increased at 50 V increments from 275 V to 475 V, and the high 
resolution visible spectra were recorded to observe the effect of voltage 
on the Balmer a line broadening. 

The plasma emission from the glow discharges of pure hydrogen, 
strontium or magnesium with hydrogen, and noble gas-hydrogen 
mixtures was fiber-optically coupled to the spectrometer through a 220F 
matching fiber adapter. The entrance and exit slits were set to 20 /xm. 
The spectrometer was scanned between 656- 657 nm using a 0.01 nm step 
size. The signal was recorded by a PMT with a stand alone high voltage 
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power supply (950 V) and an acquisition controller. The data \^as 
obtained in a single accumulation with a 1 second integration "time. 

b. Balmer line broadening recorded on microwave discharge 

plasmas 

The width of the 656.2 nm Balmer a line emitted from microwave 
discharges of pure hydrogen alone, strontium or magnesium with 
hydrogen, and a mixture of 10% hydrogen and helium, argon, neon, 
krypton, or xenon was measured with a high resolution visible 
spectrometer. Each pure test gas or mixture was flowed through a half 
inch diameter quartz tube at 0.3 Torr maintained with a noble gas flow 
rate of 9.3 seem or an noble gas flow rate of 8.3 seem and a hydrogen 
flow rate of 1 seem. Each gas flow was controlled by a 0-20 seem range 
mass flow controller (MKS 1 179A21CS1BB) with a readout (MKS type 
246). The cell pressure was monitored by a 0-10 Torr MKS Baratron 
absolute pressure gauge. Magnesium or strontium was added to the 
plasma by transferring 50 mg of solid metal into the quartz tube with 
flowing argon. The plasma discharge partially vaporized the metal 
during the experiment. The tube was fitted with an Opthos coaxial 
microwave cavity (Evenson cavity). The microwave generator shown in 
Figure 3 was an Opthos model MPG-4M generator (Frequency: 2450 
MHz). The input power to the plasma was set at 40 watts with forced air 
cooling of the cell. 

The plasma emission was fiber-optically coupled through a 220F 
matching fiber adapter positioned 2 cm from the cell wall to a high 
resolution visible spectrometer with a resolution of ±0.006 nm over the 
spectral range 190- 860 nm. The spectrometer was a Jobin Yvon Horiba 
1250 M with 2400 groves/mm ion-etched holographic diffraction grating. 
The entrance and exit slits were set to 20 /im. The spectrometer was 
scanned between 655.5- 657 nm using a 0.005 nm step size. The signal was 
recorded by a PMT with a stand alone high voltage power supply (950 V) 
and an acquisition controller. The data was obtained in a single 
accumulation with a 1 second integration time. 
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F. Electron temperature T e measurements of microvrave 

discharge plasmas - 

The most commonly used spectroscopic diagnostic method to 
determine the electron temperature T e of laboratory plasmas is based on 

determining the relative intensities of two spectral lines as described by 
Griem [25], It may be shown that for two emission lines at wavelengths 
X A and X B 

f-jS^K^ (3) 

where I A and I B are the intensities measured at X A and X B , and c«n 4 for 
excited state atomic hydrogen. The frequency v, the transition 
probability ^4, the degeneracy g, and the upper level E are known 
constants from which T e was determined. T e was measured on microwave 
plasmas of helium alone and helium-hydrogen mixture (90/10%) from 
the ratio of the intensity of the He 501.6 nm (upper quantum level n = 3) 
line to that of the He 492.2 nm (« = 4) line. T e was measured on 

microwave plasmas of argon alone and argon-hydrogen mixture 
(90/10%) from the ratio of the intensity of the Ar 104.8 nm (upper 
quantum level n = 3) line to that of the Ar 420.06 nm (* = 4) line. T e was 

also measured by the same method on microwave plasmas of pure 
hydrogen alone, strontium or magnesium with hydrogen, and a mixture 
of 10% hydrogen and neon, krypton, or xenon using the ratio of the 
intensities of two noble gas or alkaline earth metal lines in two quantum 
states. 

The experimental set up comprising a microwave discharge gas cell 
light source and an UV-VIS spectrometer which was differentially 
pumped is shown in Figure 3. In each case, the microwave plasma cell 
was run under the conditions given in section B. The spectrometer was a 
normal incidence McPherson 0.2 meter monochromator (Model 302, 
Seya-Namioka type) equipped with a 1200 lines/mm holographic grating 
with a platinum coating. The wavelength region covered by the 
monochromator was 2-560 nm. The visible spectra (400-560 nm) of the 
cell emission was recorded with a photomultiplier tube (PMT) and a 
sodium salicylate scintillator. The PMT (Model R1527P, Hamamatsu) 
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used has a spectral response in the range of 185-680 nm with a Deak 
efficiency at about 400 nm. The scan interval was ,0.4 nm. -The inlet and 
outlet slit were 300 ptm with a corresponding wavelength resolution of 
2nm. The spectra were repeated five times per experiment and were 
found to be reproducible within less than ±5%. 

III. RESULTS AND DISCUSSION 

A. EUV Spectroscopy 

Extreme ultraviolet (EUV) spectroscopy was recorded on microwave 
and discharge cell light sources to compare Lyman a line widths from the 
two sources. The EUV spectra ( 100- 170 nm) of emission from the discharge 
and microwave plasmas of argon-hydrogen mixture (97/3%) are shown 
in Figure 5. The microwave plasma showed significant broadening 
relative to the discharge plasma. The width of the microwave plasma 
Lyman a line was 10 nm; whereas, the width of the glow discharge plasma 
Lyman a line was 2.6 nm. In addition, the intensity of the Lyman a 
emission compared to the molecular hydrogen emission was significantly 
higher in the case of the microwave plasma. The Lyman a line 
broadening and increased intensity indicate a much higher ion 
temperature in the microwave plasma which was confirmed by high 
resolution measurements of the Balmer a line width which gave 
quantitative ion temperature measurements reported sections B and C. 
No electric field was present in the microwave plasmas. Thus, the results 
can not be explained by Stark broadening or acceleration of charged 
species due to high fields of over 10 kV/cm as proposed by Videnocic et al. 
[8] to explain excessive broadening observed in glow discharges. 

B. Balmer line broadening recorded on glow discharge plasmas 

The 656 nm Balmer a line width recorded with a high resolution 
( +0.025 nm) visible spectrometer on glow discharge plasmas of hydrogen 
compared with each of xenon-hydrogen (90/10%), strontium-hydrogen 
and argon-hydrogen (90/10%) are shown in Figures 6-8, respectively. 
The energetic hydrogen atom densities and energies of the plasmas of 
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hydrogen alone, strontium or magnesium with hydrogen, and hydrogen- 
noble gas mixtures were calculated using the method of Viderioeic et al. 
[8] and are given in Table 1. It was found that strontium-hydrogen, 
helium-hydrogen, and argon-hydrogen showed significant broadening 
corresponding to an average hydrogen atom temperature of 23-38eV; 
whereas, pure hydrogen, neon-hydrogen, krypton-hydrogen, and xenon- 
hydrogen showed no excessive broadening corresponding to an average 
hydrogen atom temperature of = 4eV. No voltage effect was observed 
with the strontium-hydrogen, helium-hydrogen, or argon-hydrogen 
plasmas. 

C. Balmer line broadening recorded on microwave discharge 

plasmas 

The 656 nm Balmer a line width recorded with a high resolution 
(±0.025 nm) visible spectrometer on microwave discharge plasmas of 
hydrogen compared with each of xenon-hydrogen (90/10%), magnesium- 
hydrogen, and helium-hydrogen (90/10%) are shown in Figures 9-11, 
respectively. The energetic hydrogen atom densities and energies of 
plasmas of hydrogen alone, strontium or magnesium with hydrogen, and 
noble gas-hydrogen mixtures were calculated using the method of 
Videnocic et al. [8] and are given in Table 2. It was found that the 
strontium-hydrogen microwave plasma showed a broadening similar to 
that observed in the glow discharge cell of 27-33 eV; whereas, in both 
sources, no broadening was observed for magnesium-hydrogen. 
Furthermore, the microwave helium-hydrogen, and argon-hydrogen 
plasmas showed extraordinary broadening corresponding to an average 
hydrogen atom temperature of 110-130 eV and 180-210eV, respectively, 
and an atom density of 3.5 X 10 14 ±20% atoms/cm 3 and 
4.8 X 10 14 ±20% atoms/ cm 3 , respectively. Whereas, pure hydrogen, neon- 
hydrogen, krypton-hydrogen, and xenon-hydrogen showed no excessive 
broadening corresponding to an average hydrogen atom temperature of 
~4eV and an atom density of only 7 X 10 13 ±20% atoms /cm 3 even though 10 
times more hydrogen was present. These studies demonstrate excessive 
line broadening in the absence of an observable effect attributable to an 
electric field since the hydrogen emission shows no broadening. 
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Excessive line broadening was only observed in the cases where an ion 
was present which could provide a net enthalpy of reaction "Df an integer 
multiple of the potential energy of atomic hydrogen (Sr, Ar* y or He*). 
Whereas plasmas of chemically similar controls that do not provide 
gaseous atoms or ions that have electron ionization energies which are a 
multiple of 27.2 eV. These support the rt-plasma mechanism. 

Rt-plasmas formed with hydrogen-potassium mixtures have been 
reported previously [17-18] wherein the plasma decayed with a two 
second half-life when the electric field was set to zero. This was the 
thermal decay time of the filament which dissociated molecular hydrogen 
to atomic hydrogen. This experiment showed that hydrogen line 
emission was occurring even though the voltage between the heater 
wires was set to and measured to be zero and indicated that the emission 
was due to a reaction of potassium atoms with atomic hydrogen. 
Potassium atoms ionize at an integer multiple of the potential energy of 
atomic hydrogen, m-212eV. The enthalpy of ionization of K to K 3+ has a 
net enthalpy of reaction of 81.7426 eV, which is equivalent to m = 3. 

A rt-plasma of hydrogen and certain alkali ions formed at low 
temperatures (e.g. =10 3 AT) as recorded via EUV spectroscopy, and an 
excessive afterglow duration was observed by hydrogen Balmer and 
alkali line emissions in the visible range [18]. The observed plasma 
formed from atomic hydrogen generated at a tungsten filament that 
heated a titanium dissociator and one of potassium, rubidium, cesium, 
and their carbonates and nitrates. These atoms and ions ionize to provide 
a net enthalpy of reaction of an integer multiple of the potential energy 
of atomic hydrogen (m-27.2eV\ m = integer) to within 0.17 eV and 
comprise only a single ionization in the case of a potassium or rubidium 
ion. Whereas, the chemically similar atoms of sodium and sodium and 
lithium carbonates and nitrates which do not ionize with these 
constraints caused no emission. To test the electric dependence of the 
emission, the weak electric field of about 1 V/cm was set and measured 
to be zero in <0.5X10" 6 sec. An afterglow duration of about one to two 
seconds was recorded in the case of potassium, rubidium, cesium, K 2 C0 3 , 
RbN0 3J and CyJV0 3 . Hydrogen line or alkali line emission was occurring 
even though the voltage between the heater wires was set to and 
measured to be zero. These atoms and ions ionize to provide a net 
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enthalpy of reaction of an integer multiple of the potential energy of 
atomic hydrogen to within less than the thermal energies -at; T =~ 10 3 K and 
comprise only a single ionization in the case of a potassium or rubidium 
ion. Since the thermal decay time of the filament for dissociation of 
molecular hydrogen to atomic hydrogen was similar to the rt-plasma 
afterglow duration, the emission was determined to be due to a reaction 
of atomic hydrogen with each of the atoms or ions that did not require 
the presence of an electric field to be functional. 

D. T e measurements of microwave discharge plasmas 

The results of the T e measurements on microwave plasmas of pure 
hydrogen alone, strontium or magnesium with hydrogen, and a mixture 
of 10% hydrogen and helium, neon, argon, krypton, or xenon are given in 
Table 2. Similarly to the ion measurement, the average electron 
temperature for helium-hydrogen plasma was 28, 000 ± 5% K\ whereas, the 
corresponding temperature of helium alone was only 6800±5%AT. The 
average electron temperature for argon-hydrogen plasma was 
11,600±5%^; whereas, the corresponding temperature of argon alone was 
only 4800 ± 5% K. 

IV. SUMMARY AND CONCLUSIONS 

The argon-hydrogen microwave plasma showed significant 
broadening of the width of the Lyman a line of 10 nm; whereas, the width 
of the Lyman a line emitted from the glow discharge plasma was 2.6 nm. 
In addition, the intensity of the Lyman a emission compared to the 
molecular hydrogen emission was significantly higher in the case of the 
microwave plasma. The results indicate a much greater ion temperature 
in the microwave plasma. 

Line broadening of the hydrogen Balmer lines provides a sensitive 
measure of the number and energy of excited hydrogen atoms in a glow 
discharge plasma. The width of the 656.5 nm Balmer a line emitted 
from glow discharge plasmas having atomized hydrogen from pure 
hydrogen alone, strontium or magnesium with hydrogen, and a mixture 
of 10% hydrogen and helium, argon, neon, krypton, or xenon was 
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measured with a high resolution (±0.025 nm) visible spectrometer.. The 
energetic hydrogen atom density and energies were determined from the 
broadening, and it was found that strontium-hydrogen, helium-hydrogen, 
and argon-hydrogen showed significant broadening corresponding to an 
average hydrogen atom temperature of 23-38 eV\ whereas, pure 
hydrogen, neon-hydrogen, krypton-hydrogen, and xenon-hydrogen 
showed no excessive broadening corresponding to an average hydrogen 
atom temperature of =4eV. Thus, line broadening was only observed for 
the ions which provided a net enthalpy of reaction of a multiple of the 
potential energy of the hydrogen atom. 

Kuraica and Konjevic [7] and Videnocic et al. [8] studied 97% argon 
and 3% hydrogen mixtures in Grimm-type discharges with a hollow 
anode. In our studies with argon-hydrogen plasmas, the voltage was 
increased at 50 V increments from 275 V to 475 V, and the high 
resolution visible spectra were recorded to observe the effect of voltage 
on the Balmer a line broadening. In contrast to an increase in 
broadening with voltage predicted by Kuraica and Konjevic [7], no voltage 
effect was observed. Also, no voltage effect was also observed with the 
strontium-hydrogen plasma which supports the rt-plasma mechanism of 
the low voltage strontium-hydrogen and strontium-argon-hydrogen 
plasmas reported by Mills and Nansteel [14-15, 19]. Similarly, no voltage 
effect was observed in the case of the helium-hydrogen plasma which 
supports the rt-plasma mechanism as the source of the excessive 
broadening. 

The 656.5 nm Balmer a line width measurements were repeated 
with microwave discharge plasmas rather than the glow discharge 
plasmas, and significant differences were observed between the plasma 
source while the same trend was observed for the particular plasma gas. 
It was found that the strontium-hydrogen microwave plasma showed a 
broadening similar to that observed in the glow discharge cell of 27-33 eV; 
whereas, in both sources, no broadening was observed for magnesium- 
hydrogen. Furthermore, the microwave helium-hydrogen, and argon- 
hydrogen plasmas showed extraordinarily higher broadening 
corresponding to an average hydrogen atom temperature of 110-130 eV 
and 180- 210 eV, respectively, and an atom density of 
3.5 X10 14 ±20% atoms/cm 3 and 4.8 X 10 14 ±20% atoms fcm\ respectively. 
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Whereas, similarly to the glow discharge case, pure hydrogen, npon- 
hydrogen, krypton-hydrogen, and xenon-hydrogen, showed no excessive 
broadening corresponding to an average hydrogen atom temperature of 
~4eV and an atom density of only 7 X 10 1 3 ±20% atoms/ cm 3 even though 10 
times more hydrogen was present. Similarly, the average electron 
temperature for helium-hydrogen plasma was 28, 000 ±5%K\ whereas, the 
corresponding temperature of helium alone was only 6800 ±5% K. And, 
the average electron temperature for argon-hydrogen plasma was 
11,600±5%/T; whereas, the corresponding temperature of helium alone 
was only 4800 ±5%K. 

Thus, excessive line broadening and an elevated electron 
temperature were only observed for the ions which provided a net 
enthalpy of reaction of a multiple of the potential energy of the hydrogen 
atom. No electric field was present in the microwave plasmas. Thus, the 
results can not be explained by Stark broadening or acceleration of 
charged species due to high fields of over 10 kV I cm as proposed by 
Videnocic et al. [8] to explain excessive broadening observed in glow 
discharges. The results are consistent with an energetic reaction caused 
by a resonance energy transfer between hydrogen atoms and strontium 
atoms, Ar + , or He* as the source of the excessive line broadening. The 
reaction rate is higher under the conditions of a microwave compared to 
a glow discharge plasma even at a lower input power. 
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Table 1 . The energetic hydrogen atom densities and .energies 



catalyst and noncatalyst glow discharge plasmas. 



Plasma 


Hydrogen Atom 


Hydrogen Atom 


Gas 


Density 3 


Energy" 




(10 13 atoms /cm 3 ) 


(eV) 




( ±20%) 


(±5%) 


H 2 


5 


3-4 


MglH 2 


6 


4-5 


SrlH 2 


10 


23-25 


Ne/H 2 


2.1 


5-6 


KrlH 2 


1 


3-4 


Xe/H 2 


1 


3-4 


ArlH 2 


3 


30-35 


HelH 2 


3 


33-38 



a Approximate Calculated [8] 
b Calculated [8] 
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Arl H 2 


35 


1 10-130 


11,600 


Hel H 2 


48 


180-210 


28,000 



a Approximate Calculated [8] 
b Calculated [8] 
c Calculated [25] 



Figure Captions 

Figure 1. Cross sectional view of the discharge cell. 

Figure 2. The experimental set up comprising a discharge gas cell 
light source and an EUV spectrometer which was differentially pumped. 

Figure 3. The experimental set up comprising a microwave 
discharge gas cell light source and an EUV-UV-VIS spectrometer which 
was differentially pumped. 

Figure 4. Cylindrical stainless steel cell for studies of the 
broadening of the Balmer a line emitted from glow discharge plasmas of 
1.) pure hydrogen alone, 2.) hydrogen with strontium or magnesium, and 
3.) a mixture of 10% hydrogen and helium, argon, krypton, or xenon. 

Figure 5. The EUV spectra (100-170 nm) of emission from the 
discharge and microwave plasmas of argon-hydrogen mixture (97/3%). 
The . microwave plasma showed significant broadening of the width of the 
Lyman a line of 10 nm; whereas, the width of the Lyman a line emitted 
from the glow discharge plasma was 2.6 nm. In addition, the intensity of 
the Lyman a emission compared to the molecular hydrogen emission was 
significantly higher in the case of the microwave plasma. The results 
indicate a much greater ion temperature in the microwave plasma. 

Figure 6. The 656 nm Balmer a line width recorded with a high 
resolution (±0.025 nm) visible spectrometer on a xenon-hydrogen (90/10%) 
and a hydrogen glow discharge plasma. No line excessive broadening was 
observed corresponding to an average hydrogen atom temperature of 
3-4 eV. 

Figure 7. The 656 nm Balmer a line width recorded with a high 
resolution (±0.025 nm) visible spectrometer on a strontium-hydrogen and a 
hydrogen glow discharge plasma. Significant broadening was observed 
corresponding to an average hydrogen atom temperature of 23 - 25 e V . 

Figure 8. The 656 nm Balmer a line width recorded with a high 
resolution (±0.025 nm) visible spectrometer on an argon-hydrogen 
(90/10%) and a hydrogen glow discharge plasma. Significant broadening 
was observed corresponding to an average hydrogen atom temperature 
of 30-35 eV. 

Figure 9. The 656 nm Balmer a line width recorded with a high 
resolution (±0.006 nm) visible spectrometer on a xenon-hydrogen 
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(90/10%) and a hydrogen microwave discharge plasma. No line^ excessive 
broadening was observed corresponding to an average hydrogen atom 
temperature of 3-4 eV . 

Figure 10. The 656 nm Balmer a line width recorded with a high 
resolution (±0.006 nm) visible spectrometer on an magnesium-hydrogen 
and a hydrogen microwave discharge plasma. No line excessive 
broadening was observed corresponding to an average hydrogen atom 
temperature of 4 - 5 eV . 

Figure 11. The 656 nm Balmer a line width recorded with a high 
resolution (±0.006 nm) visible spectrometer on a helium-hydrogen 
(90/10%) and a hydrogen microwave discharge plasma. Significant 
broadening was observed corresponding to an average hydrogen atom 
temperature of 180-210 eV. 
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Spectroscopic Identification of Fractional Rydberg States of 

Atomic Hydrogen 



Randell L. Mills,* Paresh C. Ray, Bala Dhandapani, Jiliang He 



ABSTRACT 



Extreme ultraviolet (EUV) spectroscopy was recorded on microwave 
discharges of helium with 2% hydrogen. Novel emission lines were 
observed with energies of ?13.6 eV where q = 1,2,3,4,6,7,8,9,1 1,12 or these 
lines inelastically scattered by helium atoms wherein 21.2 eV was 
absorbed in the excitation of He(\s 2 ) to He(ls ] 2p ] ). These lines can be 
explained as fractional Rydberg states of atomic hydrogen. Novel 
emission lines were also observed at 44.2 nm and 40.5 nm with energies of 



q 13.6+ — -— X13.6 eV where q = 2 and n f =2,4 n ( =oo that corresponded 



to multipole coupling to give two photon emission from a continuum 
excited state atom and an atom undergoing a fractional Rydberg state 
transition. Such transitions would be extremely energetic; so, the width 
of the 656.2 nm Balmer a line emitted from the plasmas was measured, 
and the electron temperature T e was measured from the ratio of the 
intensity of the He 501.6 nm line to that of the He 492.2 line. 
Significant line broadening corresponding to an average hydrogen atom 
temperature of 180-210 eV was observed for helium-hydrogen microwave 
plasmas; whereas, pure hydrogen showed no excessive broadening 
corresponding to an average hydrogen atom temperature of ~3eV. 
Similarly, the average electron temperature for helium-hydrogen plasma 
was 28,000 K; whereas, the corresponding temperature of helium alone 
was only 6800 K. 



*Randell L. Mills, BlackLight Power, Inc., 493 Old Trenton Road, Cranbury, NJ 08512, USA, 
609-490-1090, 609-490-1066 (fax), rmills@blacklightpower.com 
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I. INTRODUCTION 



J. J. Balmer showed in 1885 that the frequencies for some of the 
lines observed in the emission spectrum of atomic hydrogen could be 
expressed with a completely empirical relationship. This approach was 
later extended by J. R. Rydberg, who showed that all of the spectral lines 
of atomic hydrogen were given by the equation: 



(i) 



where /? = 109,677 cm'\ n, = 1,2,3,..., « ( = 2,3,4,..., andn, > n f . 

Niels Bohr, in 1913, developed a theory for atomic hydrogen that 
gave the energy levels in agreement with Rydberg's equation. An 
identical equation, based on a totally different theory for the hydrogen 
atom, was developed by E. Schrodinger, and independently by W. 
Heisenberg, in 1926. 

f g2 13.598 eV 

n^ne o a H - ~ (2a > 

n = 1,2,3,... (2b) 
where a H is the Bohr radius for the hydrogen atom (52.947pm), e is the 
magnitude of the charge of the electron, and e 0 is the vacuum 
permittivity. 

The excited energy states of atomic hydrogen are given by Eq. (2a) 
for n> \ in Eq. (2b). The n = l state is the "ground" state for "pure" photon 
transitions (the « = 1 state can absorb a photon and go to an excited 
electronic state, but it cannot release a photon and go to a lower-energy 
electronic state). However, an electron transition from the ground state 
to a lower-energy state may be possible by a nonradiative energy 
transfer such as multipole coupling or a resonant collision mechanism. 
Processes such as hydrogen molecular bond formation that occur without 
photons and that require collisions are common [1]. Also, some 
commercial phosphors are based on resonant nonradiative energy 
transfer involving multipole coupling [2]. 

We propose that atomic hydrogen may undergo a catalytic reaction 
with certain atomized elements and ions which singly or multiply ionize 
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at integer multiples of the potential energy of atomic hydrogen, m-27.2eV 
wherein m is an integer. The theory was given previously [3-5]. The 
reaction involves a nonradiative energy transfer to form a hydrogen 
atom that is lower in energy than unreacted atomic hydrogen that 
corresponds to a fractional principal quantum number. That is 

1111-., in \ 

n = ^'o»T»-» ~ ; P 1S an inte g er ( 2c ) 
2 3 4 p 

replaces the well known parameter n = integer in the Rydberg equation for 

hydrogen excited states. The n-\ state of hydrogen and the n = — - — 

integer 

states of hydrogen are nonradiative, but a transition between two 
nonradiative states is possible via a nonradiative energy transfer, say 
n = l' to n = l/2. In these cases, during the transition the electron couples 
to another electron transition, electron transfer reaction, or inelastic 
scattering reaction which can absorb the exact amount of energy that 
must be removed from the hydrogen atom to cause the transition. Thus, 
a catalyst provides a net positive enthalpy of reaction of m212eV (i.e. it 
absorbs m -21.2 eV where m is an integer). Certain atoms or ions serve as 
catalysts which resonantly accept the nonradiative energy transfer from 
hydrogen atoms and release the energy to the surroundings to affect 
electronic transitions to fractional quantum energy levels. As a 
consequence of the nonradiative energy transfer, the hydrogen atom 
becomes unstable and emits further energy until it achieves a lower- 
energy nonradiative state having a principal energy level given by Eqs. 
(2a) and (2c). 

A number of independent experimental observations lead to the 
conclusion that atomic hydrogen can exist in fractional quantum states 
that are at lower energies than the traditional "ground" (n = l) state. Prior 
related studies that support the possibility of a novel reaction of atomic 
hydrogen which produces a chemically generated or assisted plasma and 
produces novel hydride compounds include extreme ultraviolet (EUV) 
spectroscopy [6-8, 11-13], characteristic emission from catalysis and the 
hydride ion products [8], lower-energy hydrogen emission [6-8], plasma 
formation [8, 11-13], Balmer a line broadening [9], anomalous plasma 
afterglow duration [13], power generation [9-11], and analysis of 
chemical compounds [14]. Since the second ionization energy of //e + is an 
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exact multiple of the potential energy of atomic hydrogen and microwave 
plasmas may have significant concentrations of He + as well as atomic 
hydrogen, microwave discharges of helium-hydrogen mixtures were 
studied by extreme ultraviolet (EUV) spectroscopy to search for line 
emission from transitions to fractional Rydberg states of atomic 
hydrogen. Since the electronic transitions are very energetic, Balmer a 
line broadening and an elevated electron temperature were anticipated 
and was measured. 

II. EXPERIMENTAL 

A. EUV Spectroscopy 

EUV spectroscopy was recorded on hydrogen, helium, and helium- 
hydrogen (98/2%) microwave discharge plasmas according to the 
methods given previously [6]. Hydrogen alone, helium alone, and helium- 
hydrogen (98/2%) gas mixture was flowed through a half inch diameter 
quartz tube at 20 torr, 1 torr, or 0.1 torr. The gas pressure inside the cell 
was maintained by flowing the mixture while monitoring the pressure 
with a 10 torr and 1000 torr MKS Baratron absolute pressure gauge. The 
tube was fitted with an Opthos coaxial microwave cavity (Evenson 
cavity). The microwave generator was a Opthos model MPG-4M 
generator (Frequency: 2450 MHz). The input power to the plasma was 
set at 85 watts with forced air cooling of the cell. The spectrometer was a 
normal incidence McPherson 0.2 meter monochromator (Model 302, 
Seya-Namioka type) equipped with a 1200 lines/mm holographic grating 
with a platinum coating or a MgF 2 coating in the case of the spectra 
recorded at 0.1 torr. The wavelength region covered by the 
monochromator was 2 - 560 nm. The EUV spectrum was recorded with a 
channel electron multiplier (CEM) at 2500-3000 V. The wavelength 
resolution was about 0.02 nm (FWHM) with an entrance and exit slit width 
of 50 fim. The increment was 0.2 nm and the dwell time was 500 m. Novel 
peak positions were based on a calibration against the known He I and He 
II lines. 

To achieve higher sensitivity at the shorter EUV wavelengths, the 
light emission from plasmas of helium alone was recorded with a 
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McPherson 4° grazing incidence EUV spectrometer (Model 248/3 10G) 
equipped with a grating having 600 G/mm with a radius of curvature of 
= lm. The angle of incidence was 87°. The wavelength region covered by 
the monochromator was 5-65wn. The wavelength resolution was about 
0.04 nm (FWHM) with an entrance and exit slit width of 300 pm. A channel 
electron multiplier (CEM) at 2400 V was used to detect the EUV light. The 
increment was 0.1 nm and the dwell time was 1 s. 

B. Line broadening and T e measurements 

The width of the 656.2 nm Balmer a line emitted from hydrogen or 
helium-hydrogen mixture (90/10)% microwave discharge plasmas was 
measured. The plasma conditions was as described in section A except 
that the total pressure was 1 torr, and the input power to the plasma was 
set at 40 W. The plasma emission was fiber-optically coupled through a 
220F matching fiber adapter positioned 2 cm from the cell wall to a high 
resolution visible spectrometer with a resolution of ±0.006 nm over the 
spectral range 190- 860 nm. The Sjpectrometer was a Jobin Yvon Horiba 
1250 M with 2400 groves/mm ion-etched holographic diffraction grating. 
The entrance and exit slits were set to 20 jjm. The spectrometer was 
scanned between 655.5- 657 nm using a 0.005 nm step size. The signal was 
recorded by a PMT with a stand alone high voltage power supply (950 V) 
and an acquisition controller. The data was obtained in a single 
accumulation with a 1 second integration time. 

T e was measured on microwave plasmas of helium alone and 

helium-hydrogen mixtures (90/10%) from the ratio of the intensity of the 
He 501.6 nm (upper quantum level n=3) line to that of the He 492.2 nm 
(n=4) line as described by Griem [15]. In each case, the microwave 
plasma cell was run under the conditions given in section A, except that 
the total pressure was 0.1 torr. The visible spectrum was recorded with 
the normal incidence EUV spectrometer as described section A except 
that visible spectrum (400-560 nm) of the cell emission was recorded with 
a photomultiplier tube (PMT) and a sodium salicylate scintillator. The 
PMT (Model R1527P, Hamamatsu) used has a spectral response in the 
range of 185-680wn with a peak efficiency at about 400 nm. The scan 
interval was 0.4 nm. The inlet and outlet slit were 300 fjm with a 
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corresponding wavelength resolution of 2nm. The spectra were repeated 
five times per experiment and were found to be reproducible within, less 
than 5%. 

III. RESULTS AND DISCUSSION 
A. EUV Spectroscopy 

The EUV emission was recorded at pressures of 20, 1, and 0.1 torr 
from microwave plasmas of hydrogen, helium, and helium with 2% 
hydrogen over the wavelength range 2- 125 nm. In the case of hydrogen, 
no peaks were observed below 78 nm, and no spurious peaks or artifacts 
due to the grating or the spectrometer were observed. Only known He I 
and He II peaks were observed in the EUV spectrum of the control 
helium microwave discharge cell emission. 

The EUV spectra (17.5-50 nm) of the microwave cell emission of the 
helium-hydrogen mixture (98/2%) (top curve) and the helium control 
(bottom curve) are shown in Figure 1. Ordinary hydrogen has no 
emission in these regions. Novel peaks were observed at 45.6 nm, 37.4 nm, 
and 20.5 nm which do not correspond to helium. 

The effect of decreasing the pressure from 20 torr to 1 torr was 
studied. At the 1 torr condition, additional novel peaks were observed in 
the short wavelength region. The short wavelength EUV spectrum 
( 5-65 nm) of the control hydrogen microwave cell emission (bottom 
curve) is shown in Figure 2. No spectrometer artifacts were observed at 
the short wavelengths. The short wavelength EUV spectrum (5-65 nm) of 
the helium-hydrogen mixture (98/2%) microwave cell emission with a 
pressure of 1 torr (top curve) is also shown in Figure 2. Novel peaks 
were observed at 14.15n/n, 13.03 nm, 10.13 nm, and 8.29 nm which do not 
correspond to helium. Known He I lines which were used for calibration 
of the novel peak positions were observed at 58.4 nm, 53.7 nm, and 52.4 nm. 

A broad continuum shoulder on the sharp 45.6 nm peak was 
observed at 20 torr as shown in Figure 1 . A 44.2 nm peak could be 
resolved at 1 torr as shown in Figure 2. The effect of further decreasing 
the pressure from 1 torr to 0.1 torr and was studied using the MgF 2 
coated grating. At the 0.1 torr condition, additional novel peaks were 
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observed. The short wavelength EUV spectrum (2-50 nm) of the control 
hydrogen microwave cell emission (bottom curve) is shown in Figure 3. 
No spectrometer artifacts were observed at the short wavelengths. The 
short wavelength EUV spectrum (2-50 nm) of the helium-hydrogen 
mixture (98/2%) microwave cell emission (top curve) is also shown in 
Figure 3. Novel peaks were observed at 45.6 nm, 13.03 nm, 10.13 nm, and 
7.60 nm which do not correspond to helium, and novel peaks at 44.2 nm and 
40.5 nm could be resolved on the sharp 45.6 nm peak. It is also proposed 
that the 30.4 nm peak shown in Figures 1-3 was not entirely due to the He 
II transition. In the case of helium-hydrogen mixture, conspicuously 
absent was the 25.6 nm (48.3 eV) line of He II shown in Figure 1 which 
implies only a minor He II transition contribution to the 30.4 nm peak. 

At 20 torr, the ratio of the Lf3 peak to the 91.2 nm peak of the 
helium-hydrogen plasma was 2; whereas, the ratio of the hp peak to the 
91.2 nm peak of the control hydrogen plasma was 8 which indicates that 
the majority of the 91.2 nm peak was due to a transition other than the 
binding of an electron by a proton. Based on the intensity, it is proposed 
that the majority of the 91.2 nm peak was due to a novel peak. 

The novel peaks fit three empirical relationships. In order of 
energy, the set comprising the peaks at 91.2 nm, 45.6 nm, 30.4 nm, 13.03 nm, 
10.13 nm, 8.29 nm, and 7.60 nm correspond to energies of q-13.6eV where 
<7 = 1,2,3,7,9,1 1,12. In order of energy, the set comprising the peaks at 
37.4nm, 20.5 nm, and 14.15nm correspond to energies of ^ 13.6 — 21.21 eV 
where q = 4,6, or $. In order of energy, the set comprising the peaks at 



44.2 nm and 40.5 nm correspond to energies of q 13.6 + 



2 2 1 



X13.6eV 



where q = 2 and n f =2,4 n f =oo. These lines can be explained as 

electronic transitions to fractional Rydberg states of atomic hydrogen 

given by Eqs. (2a) and (2c) wherein the catalytic system involves helium 

ions because the second ionization energy of helium is 54.417 eV, which is 
equivalent to 2 27.2 eV. In this case, the catalysis reaction is 

54.4 1 7 e V + He + + H[a H ] -> He 2 " + e + j + 1 08.8 e V ( 3 ) 

He 2 ' + e~ -> He* + 54.417 eV (4) 
And, the overall reaction is 
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+ 54.4 eV + 54.4eV (5) 



Since the products of the catalysis reaction have binding energies of 

m-27.2eV, they may further serve as catalysts. Thus, further catalytic 

1111. 
transitions may occur: n = — > — , — > and so on. 
J 3 4 4 5 

Electronic transitions to Rydberg states given by Eqs. (2a) and (2c) 

catalyzed by the resonant nonradiative transfer of m-TlleV would give 

rise to a series of emission lines of energies ^13.6eV where q is an 

integer. It is further proposed that the photons that arise from hydrogen 

transitions may undergo inelastic helium scattering. That is, the catalytic 

reaction 

H[a H ] He * ) //|^j + 54.4 eV + 54.4 eV (6) 

yields two 54.4 eV photons (22.8 nm). When each of these photons strikes 
He {Is 2 ), 21.2 eV is absorbed in the excitation to He(\s l 2p l ). This leaves a 
33.19 eV (31 A nm) photon peak and a 21.2 eV (58.4 nm) photon from 
He(ls } 2p l ). Thus, for helium the inelastic scattered peak of 54.4 eV 
photons from Eq. (3) is given by 

£ = 54.4<?V-21.21 eV = 33.19eV (37.4 nm) (7) 
A novel peak shown in Figures 1 and 2 was observed at 37.4 nm. 
Furthermore, the corresponding intensity of the 58.4 nm shown in Figure 2 
was off-scale with 60,000 photons/sec. Thus, the transition 
He (ls 2 )-> He (ls l 2p } ) dominated the inelastic scattering of EUV peaks. The 
general reaction is 

photon (hv) + He (\s 2 )^>He (l^ , 2p , ) + photon (/tv-21.21 eV) (8) 

Helium ion catalyzes H[a H ] to #pj"J as shown in Eqs. (3-5). Further 
reactions may then proceed: 

It is further proposed that hydrogen transitions from continuum 
excited states may couple to fractional Rydberg transitions of the 
same multipolarity. The novel emission lines observed at 44.2 nm and 



40.5 nm with energies of <?-13.6 + 



2 2 



X13.6<?V where q-1 and 



^ = 2,4 /i, =oo can be explained by multipole coupling of the 
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transitions to ai = 1/4 and n- 1/2 with the transition from continuum 
states to n = 4 and n = 2, respectively, to give two photon emission. 

With inelastic helium scattering and multipole coupling, the three 
empirical series may be combined. The energies for the novel lines in 
order of energy are 13.6 eV, 27.2 eV, 40,8 eV, 54.4 eV, 81.6 eV, 95.2 eV y 108.8 eV, 
122.4 eV, 149.6 eV , and 163.2 eV. The corresponding peaks are 91.2 nm, 
45.6 nm with 44.2 nm and 40.5 nm, 30.4 nm, 37.4 nm, 20.5 nm, 13.03 nm, 14.15 nm, 
10.13 nm, 8.29 «m, and 7.60wn respectively. Thus, the identified novel lines 
correspond to energies of q]3.6eV where g = 1,2,3,4,6,7,8,9,1 1,12, these lines 
inelastically scattered by helium atoms wherein 21.2 eV was absorbed in 
the excitation of He (Is 2 ) to He(\s l 2p ] ), or the two photon emission from a 
continuum excited state atom and an atom undergoing a fractional 
Rydberg state transition. There is remarkable agreement between the 
data and the proposed transitions. All other peaks could be assigned to 
He I, He II, second order lines, or atomic or molecular hydrogen emission. 
No known lines of helium or hydrogen explain the q *13.6eV related set of 
peaks. Given that these spectra are readily repeatable, these peaks may 
have been overlooked in the past without considering the role of the 
helium scattering. It is also remarkable that the novel lines are 
moderately intense based on the low grating efficiency at these short 
wavelengths. 

B. Line broadening and T e measurements 

The method of Videnocic et al. [16] was used to calculate the 
energetic hydrogen atom densities and energies from the width of the 
656.2 nm Balmer a line emitted from the hydrogen and helium- 
hydrogen mixture (90/10%) microwave plasmas. It was found that 
helium-hydrogen showed significant broadening corresponding to an 
average hydrogen atom temperature of 180-210 eV and an atom density of 
5 X 10 14 atoms/ cm 3 ; whereas, pure hydrogen showed no excessive 
broadening corresponding to an average hydrogen atom temperature of 
= 3eV and an atom density of only 7 X 10 13 atoms I cm 3 even though 10 times 
more hydrogen was present. Similarly, the average electron temperature 
for helium-hydrogen plasma was 28,000 K; whereas, the corresponding 
temperature of helium alone was only 6800 K. 
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IV. CONCLUSION 



We report that extreme ultraviolet (EUV 

recorded on microwave discharges of helium w: 

emission lines were observed with energies of 
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wherein 21.2 eV was absorbed in the excitation 
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p integer 
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ft = integer in the Rydberg equation for hydrogen 
emission lines were also observed at 44.2 nm ant. 
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X13.6eV where q~2 and n f = : 4 



iroscopy was 

hydrogen. Novel 
eV where 
t: red by helium atoms 

\\s 2 ) to He(]s } 2p ] ). 
j.. I Rydberg states of 
known parameter 

cited states). Novel 
; nm with energies of 

that corresponded 



om a continuum 
nal Rydberg state 

'* 1 0 e V was observed 
with hydrogen; 
broadening 



to multipole coupling to give two photon emissio* 
excited state atom and an atom undergoing a ire- 
transition. 

An average hydrogen atom temperature oi 
by line broadening with the presence of helium e 
whereas, pure hydrogen plasmas showed no exi-e,* 
corresponding to an average hydrogen atom temper:! aare of =3eV. 
Similarly, the average electron temperature fo r hel nm-hydrogen plasma 
was 28,000 K; whereas, the corresponding temp, zu e of helium alone 
was only 6800 K. No electric field was present v r experiments. Thus, 
the results can not be explained by Stark broaden i -i: or acceleration of 
charged species due to high fields of over 10 kV/ cm ^ proposed by 
Videnocic et al. [16] to explain excessive broaden ir.£ observed in glow 
discharges. 

The novel emission lines and extraordinarily elevated temperatures 
may be explained by a highly energetic catalytic reaction involving a 
resonant nonradiative energy transfer of m 21.1 eV from atomic hydrogen 
to a catalyst wherein m is an integer. One such atomic catalytic system 
involves helium ions. The second ionization energy of helium is 54.4 eV; 
thus, the ionization reaction of He* to He 2+ has a net enthalpy of reaction 
of 54.4 eV which is equivalent to 2 27.2 eV. Since the products of the 



1 0 



catalysis reaction have binding energies of m-21,2eV, they may further 
serve as catalysts. 
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Figure Captions 

Figure 1. The EUV spectra (17.5-50 nm) of the microwave cell 
emission of the helium-hydrogen mixture (98/2%) (top curve) recorded 
at 20 torr with a normal incidence EUV spectrometer and a CEM, and 
control helium (bottom curve) recorded at 20 torr with a 4° grazing 
incidence EUV spectrometer and a CEM. Only known He I and He II 
peaks were observed with the helium control. Reproducible novel 
emission lines were observed at 45.6 nm and 30.4 nm with energies of 
<?13.6<?V where q = 2or3 and at 37.4 nm and 20.5 nm with energies of 
q 13.6 eV where q = 4or6 that were inelastically scattered by helium 
atoms wherein 21.2 eV (58.4 nm) was absorbed in the excitation of He (Is 2 ). 

Figure 2. The short wavelength EUV spectra (5-65 nm) of the 
microwave cell emission of the helium-hydrogen mixture (98/2%) (top 
curve) and control hydrogen (bottom curve) recorded at 1 torr with a 
normal incidence EUV spectrometer and a CEM. No hydrogen emission 
was observed in this region, and no instrument artifacts were observed. 
Reproducible novel emission lines were observed at 45.6 nm, 30.4 nm, 
13.03 nm, 10.13 nm, and 8.29 nm with energies of ql3.6eV where 
<7 = 2,3,7,9, or 11 and at 37.4nm, 20.5 nm, and 14.15 nm with energies of 
q\3.6eV where <7 = 4,6, orS that were inelastically scattered by helium 
atoms wherein 21.2 eV (58.4 nm) was absorbed in the excitation of He (Is 2 ). 

Figure 3. The short wavelength EUV spectra (2-50 nm) of the 
microwave cell emission of the helium-hydrogen mixture (98/2%) (top 
curve) and control hydrogen (bottom curve) recorded at 0.1 torr with a 
normal incidence EUV spectrometer, a MgF 2 coated grating, and a CEM. No 
hydrogen emission was observed in this region, and no instrument 
artifacts were observed. Reproducible novel emission lines were 
observed at 45.6 nm, 30.4 nm, 13.03 nm, 10.13 nm, and 7.60 nm with energies of 
q ]3.6eV where q - 2,3,7,9,12. Novel emission lines were also observed at 



44.2 nm and 40.5 nm with energies of <yl3.6 + 



-^--^|X13.6 eV where q = 2 
K n f n i) 



and n ; = 2,4 n, =oo that corresponded to multipole coupling to give two 

photon emission from a continuum excited state atom and an atom 
undergoing a fractional Rydberg state transition. 
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